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Abstract 
It is well established that converting wastewater, a point-source of pollution, 
into reclaimed water makes management of nutrients more difficult. Not all service 
lines measure the volume of reclaimed water used by a customer, and frequently 
there are no restrictions on the amount of reclaimed water that is used. Nutrients 
applied in excess have the potential to runoff or leach through soils and 
contaminate surface and groundwater resources. This research attempted to 
determine if corresponding surface water quality monitoring sites in reclaimed 
service areas reflect elevated total nitrogen (TN) and total phosphorous (TP) 
concentrations. 
The Joe’s Creek Watershed in Pinellas County, FL is a highly urbanized 
watershed with one wastewater plant providing tertiary treatment for reclaimed 
water (Pinellas County Utilities Dept.) and another wastewater plant providing 
secondary treatment (City of St. Petersburg Water Resources Dept.). This research 
reviewed concentrations of TN and TP in the reclaimed water effluent for each 
wastewater treatment plant and at four tributary sites in the Joe’s Creek 
Watershed. One tributary site, Bonn Creek, is in the tertiary treated service area, 
another tributary site, Miles Creek, is in the secondary treated service area, and a 
third tributary, Joe’s Creek, provides two control sites which are both outside of 
reclaimed service areas. 
Based on the results of comparisons and statistical analyses of the 6-year 
period, the TN and TP concentrations of reclaimed water from the City of St. Pete 
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Wastewater Treatment Plant (WWTP) far exceed those of the Pinellas County 
WWTP. The TN concentration in the reclaimed effluent from St. Pete was nine times 
higher than that of Pinellas County. The TP concentration was almost five times 
higher at St. Pete than Pinellas County. The sites within reclaimed service areas had 
higher concentrations of TN and TP when compared to the control sites for the 
same period. Miles Creek recorded the highest mean concentrations of TN and TP of 
the four monitoring sites. Bonn Creek recorded the second highest mean 
concentrations of TN and TP. Rainfall data were reviewed and results show that 
several monitoring dates for Miles Creek and Bonn Creek had elevated TN and TP 
concentrations which coincided with periods of rainfall deficit. These and other 
results of this research indicate a need to reconsider minimum wastewater 
treatment levels in urban environments in an effort to reduce nutrient pollution, as 
well as a need to expand watering restrictions and enforcement, and expand 
education of consumers about reclaimed water. 
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Chapter 1: Introduction 
By the year 2030 Florida’s population is expected to increase to 23.6 million 
with freshwater demand expected at 7.7 billion gallons per day (Martinez & Clark, 
2015). In addition to increased demand for freshwater resources, industrialization, 
population growth, and urbanization have also increased the volume of wastewater 
generated. Wastewater is treated to various levels to meet numerous uses or 
reuses (U.S. Environmental Protection Agency [EPA], 2015). Managing water 
resources is particularly critical in Pinellas County, where freshwater resources are 
already beginning to suffer from saltwater intrusion and water shortages are well 
documented in seasonal restrictions by local and regional water providers 
(Southwest Florida Water Management District [SWFWMD], 2015a). Reclaimed 
water has become widely accepted as an alternative water source to address water 
shortages and surface water quality concerns (SWFWMD, 2015b). Martinez & Clark 
(2015) report that 40-60% of potable water use in Florida is for landscape 
irrigation, and that conservation of freshwater resources is a critical need that can 
be met by reusing treated wastewater. 
The use of reclaimed water in Florida began in the 1960s in Tallahassee and 
in St. Petersburg in the late 1970s for agricultural irrigation and as an alternative to 
point source discharge to surface water (Toor & Lusk, 2009). As more areas of 
Florida began to experience water quality concerns from point source discharge, in 
the 1980s, more utilities implemented water reuse projects (Toor & Lusk, 2009). 
Due to the geography and hydrology of Florida, much of its annual rainfall occurs in 
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a short period and is lost in runoff; the remainder of the year 65 of the 67 counties 
rely on reclaimed water for a variety of uses, including irrigation (Anderson, 2014). 
Only 2 of the 67 counties do not use reclaimed water, presumably because their 
population is only 20,000 residents (Anderson, 2014; Toor & Lusk, 2009). Florida is 
the leading user of reclaimed water on the east coast of the US, in 2015 having 
reached an average use of 727 million gallons per day (mgd) (Anderson, 2014; 
Martinez & Clark, 2015).  
It is well established that converting wastewater, a point-source of pollution, 
into reclaimed water makes management of nutrients more difficult (Badruzzaman, 
Pinzon, Oppenheimer, Jacangelo, 2012; Marzolf, 2010; Harper, 2007; King & 
Balogh, 1999). Eutrophication is the result of excess nutrients in waterbodies. 
Badruzzaman, Pinzon, Oppenheimer, and Jacangelo (2012) considered nutrient 
enrichment, which could lead to eutrophication, to be the “single largest cause” of 
water pollution in estuaries and freshwater throughout the United States. Nutrients 
in reclaimed water will vary throughout the year and will vary from utility to utility 
based on customer input and facility treatment levels. By reusing wastewater for 
irrigation, the nutrients in reclaimed water are recycled back to the vegetative 
matter instead of being directly discharged to surface waters (City of St. 
Petersburg, 2015a). It is important that this resource continue to be recognized for 
its benefits, yet managed appropriately to reduce the eutrophication potential in 
waterbodies.  
As of 2011, there were nearly 500 wastewater treatment plants (WWTPS) 
generating reclaimed water for irrigation use in Florida (Badruzzaman et al., 2012). 
Combined, these facilities provide 498.4 x 109 L (over 13 billion gallons) per year of 
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reclaimed irrigation for public access areas (Badruzzaman et al., 2012). In 2010, a 
survey of 50 reuse facilities in Florida was conducted of the effluents to determine a 
snapshot of nutrient concentrations being made available for irrigation discharge 
(Badruzzaman et al., 2012). Concentrations of total nitrogen (TN) ranged from 0.13 
to 29 mg-N/L and concentrations of total phosphorus (TP) ranged from 0.02 to 6 
mg-P/L (Badruzzaman et al., 2012). The wide range of concentrations is based on 
the different treatment levels that exist throughout the state. A closer look at two 
utilities providing reclaimed water in Pinellas County, FL provided specific 
concentration ranges of TN and TP in one urban watershed, the Joe’s Creek 
Watershed.  
The purpose of this research was to compare two WWTPs, the Pinellas 
County South Cross Bayou Water Reclamation Facility and the City of St. 
Petersburg Water Reclamation System. Both WWTPs are in the Joe’s Creek 
Watershed. Hereinafter the WWTPs will be referred to as Pinellas County and St. 
Pete, respectively. St Pete processes wastewater to secondary treatment level while 
Pinellas County processes wastewater to tertiary, or advanced, treatment level. 
This research reviewed concentrations of TN and TP in the final treated water 
entering the reclaimed distribution system for each plant. It also reviewed 
concentrations of TN and TP in four tributaries of the Joe’s Creek Watershed. The 
Joe’s Creek Watershed presented the opportunity to study a highly urbanized 
watershed with two distinct WWTPs providing reclaimed water to two similar areas 
within the same watershed. Specifically, Miles Creek (Site 35-12) is in the service 
area of St. Pete, while Bonn Creek (Site 35-09) is in the service area of Pinellas 
County. This research attempted to determine if corresponding surface water 
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quality monitoring sites in Miles Creek and Bonn Creek reflected elevated TN and TP 
concentrations, while also comparing the two creeks with Control Sites (Site 35-10 
and Site 35-11) on the main channel of Joe’s Creek which is outside of the 
reclaimed irrigation service areas. The goal was to determine if Miles Creek or Bonn 
Creek had higher TN and TP concentrations than the Control Sites and if Miles 
Creek had higher nutrient concentrations than Bonn Creek for a 6-year study 
period. 
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Chapter 2: Literature Review 
Point-Source Pollution Becoming Non-Point Source Pollution 
Regulated as a point source, wastewater treatment plants were focused on 
public health, pollution abatement, and environmental protection. Wastewater 
generation is now viewed as a solution to water resource scarcity through its many 
reuse capabilities. Regulations protect surface water from direct point source 
nutrient discharge; however, WWTPs can discharge incredibly high nutrient 
concentrations through reclaimed water services lines. Sometimes the service lines 
do not measure the volume of reclaimed water used by a customer. In some 
instances, there are no restrictions on the amount of reclaimed water that is used 
by a customer. It is well known that nutrients applied in excess have the potential 
to runoff or leach through soils and contaminate surface and groundwater resources 
(Chen, Lu, Jiao, Wang, & Chang, 2013; Martinez, Clark, Toor, Hochmuth, & 
Parsons, 2011; Toor & Lusk, 2011; Trenholm & Unruh, 2008). Water reuse 
regulations should be equally focused on public health, pollution abatement, and 
environmental protection.  
Regardless of whether wastewater is going to be reused, both primary and 
secondary treatment processes are mandatory for any discharge of residual 
wastewater into Class II or Class III surface waters to minimize the negative impact 
(Florida Department of Environmental Protection [FDEP], 2015a). FDEP defines 
these waters as: “Class II - Shellfish Propagation or Harvesting, generally coastal 
waters where shellfish harvesting occurs. Class III - Fish Consumption, Recreation, 
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Propagation and Maintenance of a Healthy, Well-Balanced Population of Fish and 
Wildlife, the surface waters of the state are Class III unless described in rule 62-
302.400, F.A.C.” (FDEP, 2016a). Reclaimed water for irrigation has advantages and 
disadvantages (Table 1). There are cost savings for consumers using reclaimed 
water; for example, customers of St Pete pay only $20.42 per month and can use 
unlimited reclaimed water (Table 2).  
 
Table 1. Advantages & Disadvantages of Using Reclaimed Water for Irrigation 
Advantages of reclaimed 
irrigation 
Disadvantages of reclaimed irrigation 
Reduces consumption of 
groundwater resources (Chen et al., 
2013) 
Potential for contamination of groundwater 
sources from leaching which would mean 
higher costs for treatment of potable 
resource water (EPA, 2015b) 
Cost savings for discharge of treated 
wastewater (Anderson, 2014) 
Improper use can mean over-spray, over-
irrigation, increasing nutrients to surface 
waters (Martinez et al., 2011) 
Provides supplemental fertilizer  
(Chen et al., 2013) 
Improper use can mean over-fertilization 
and leaching nutrients (Martinez et al., 
2011) 
Reduces direct nutrient discharge to 
surface waters (Chen et al., 2013) 
Recommended irrigation application 
amounts match water requirements but 
can exceed nutrient needs (Chen et al., 
2013) 
Price rate for reclaim is significantly 
less than for potable (Marks, 2006) 
Cheaper price frequently means excessive 
use (Martinez et al., 2011) 
 
 
There are additional cost savings to reclaimed users over potable users. 
Customers who use potable water for irrigation are still charged sewer usage 
automatically per the volume of potable water used because there is no way to 
determine the amount of water that enters the sewer system, so the entire metered 
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volume of consumption is also charged as sewer. Some utilities provide an option 
for a potable irrigation connection only which would alleviate any sewer charge to 
the customer. 
Table 2. Cost Comparison of Potable vs. Reclaimed Irrigation Water 
 
It is important to note that the savings for consumers on their monthly bill 
for irrigation using reclaimed water can be substantial, but so can the mitigation 
costs associated with water quality restoration when nutrient pollution occurs 
because of improper usage of reclaimed water for irrigation (EPA, 2015a). 
Utility 2015 Reclaim 
Cost 
2015 Potable Cost 2015 Sewer Cost 
Pinellas 
County 
Monthly Fee = 
$19.00 
Rate = 
$1.01/1000g 
Monthly Fee = $6.46 
 
Rate = $4.86/1000g 
Monthly Fee = 
$13.26 
 
Rate = 
$4.84/1000g 
St. Pete 
unmetered service 
= flat rate for one 
acre or less $20.42 
per month, 
unlimited use 
 
metered service = 
$0.58/1000g with 
a $20.42 min 
charge 
Base Fee varies on meter 
size (3/4” – 3”) $11.01 
to $176.13 per month 
plus 
TBW base rate 
$2.44/1000g added to 
total water volume 
below: 
 
First 5,600g 
=$1.54/1000g 
Next 2,400g 
=$2.56/1000g 
Next 7,000g 
=$4.35/1000g 
Next 5,000g 
=$6.53/1000g 
Over 20,000g = 
$15.51/1000g 
Rate = 
$4.77/1000g 
* Data for Utility Pinellas County from Pinellas County (Pinellas County, 2015d) and 
for Utility St. Pete from City of St. Petersburg (City of St. Petersburg, 2015b) 
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Domestic Wastewater Treatment Process 
There are three levels of wastewater treatment for generating reuse water, 
depicted in Figure 1, adapted from FDEP (FDEP, 2015d). Depending on the level of 
treatment, wastewater can be reused for industrial purposes such as cooling water 
in power plants, groundwater recharge, fire suppression, toilet flushing, and 
technology even exists for reuse as drinking water called potable reuse (EPA, 
2015a). 
Figure 1 describes the treatment level processes, ending with tertiary 
treatment (FDEP, 2015d). The tertiary treatment level (advanced treatment) is 
optional for reclaimed irrigation use. The greatest benefit to tertiary treatment is 
that typically only 25% of the nitrogen and phosphorous contained in secondary 
treatment remains (Martinez & Clark, 2015). 
There are environmental advantages to using reclaimed water including 
recharging or creating wetlands, preventing saltwater intrusion by recharging 
coastal aquifers, and reducing withdrawal of surface waters, which protect healthy 
levels and flows of waterbodies in turn maintaining balanced ecosystem habitats 
(Anderson, 2014). For these reasons, the state of Florida objective for preserving 
and conserving water resources is to encourage and to promote water reuse 
(Martinez & Clark, 2015).  
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Figure 1. Municipal Domestic Wastewater Treatment Levels (FDEP, 2015d) 
 
Public Perception of Reuse 
Public perception of wastewater reuse has been surveyed since the 1970s. 
Initial opposition was for irrigation of edible crops, but there was overwhelming 
support for irrigation where there is no public contact, with only 5 percent opposed 
to reuse for residential irrigation (Bruvold, Olson, & Rigby, 1981). More recent 
public surveys have moved beyond residential irrigation to more complex reuse 
alternatives like indirect and direct potable reuse where there is still much 
opposition (Kemp, Randle, Hurliman, & Dolnicar, 2012).  
Since reclaimed water has been established in Florida for over 50 years, 
public surveys are now focused on sustainable management. Marks (2006) reports 
that sustainable management of the environment, and the economy of reuse, are 
dependent on the pricing structure of this alternative resource. He argues that in 
order to have the public appreciate and value reclaimed water as a resource, and 
ensure that reuse fulfils a sustainable function, it should be subject to water 
Raw 
Sewage
Primary 
Treatment
•Screening & Skimming,
•Large particle sedimentation
Secondary 
Treatment
•Bacterial decomposition
•Disinfection for distribution as 
reclaimed
Tertiary 
Treatment
•Removal of suspended 
sediments
•Nutrient Removal
•Disinfection for distribution
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restrictions and priced at a higher rate to deter over-use (Marks, 2006). Table 2 
clearly shows that reclaimed water in Pinellas County is significantly cheaper than 
using potable water. Many reclaimed water users have unlimited use because 
accounts are not metered. This alone poses difficulties for watershed managers 
attempting to control nonpoint source pollution and indicates a need for supporting 
data to enact technical improvements, like adding volume meters to customers, a 
need to implement higher pricing to deter overuse, and a need for policy change to 
water restrictions with the inclusion of enforcement programs. 
 
Nutrients in Reclaimed Water 
Public access areas receive millions of gallons per day of reclaimed water 
(FDEP, 2015a). Parks, golf courses, schools, athletic fields, and specifically 
residential areas receive reclaimed water for irrigation. One should not assume the 
nutrients in reuse cannot return to waterbodies, and education of consumers on 
proper use is critical (Marzolf, 2010). 
Martinez et al., (2011) provide a quick example equation for determining 
nutrient application through reclaim irrigation. They explain 30 inches of irrigation 
water is applied during a growing season and the TN concentration of the reclaimed 
water is 10mg/L:  
30 𝑖𝑛𝑐ℎ𝑒𝑠 ∗ 10𝑚𝑔/𝐿  𝑇𝑁 ∗ 0.0052 = 1.6𝑙𝑏𝑠 𝑜𝑓 𝑁 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑝𝑒𝑟 1000𝑠𝑞𝑓𝑡 𝑜𝑓 𝑖𝑟𝑟𝑖𝑔𝑎𝑡𝑒𝑑 𝑙𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 
The authors determined the coefficient of 0.0052 to convert inches and mg/L into 
pounds per 1000sqft. If only half of the irrigation occurred during the active 
growing season, it would mean only half the nitrogen would be taken up by the 
landscape, meaning only 25% of the applied amount was effectively used by the 
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landscape and the remaining nutrients were subject to leaching or runoff (Martinez 
et al., 2011).  
In the same article, the authors report that homeowners frequently use 2-3 
times more water on landscapes than what a plant needs, possibly because of the 
flat rate charged (Martinez et al., 2011). Martinez & Clark (2009) discuss the 
benefits of reclaimed water for landscape irrigation, but are quick to point out that 
applying fertilizers without consideration of nutrients in reclaimed water can result 
in nutrient pollution in runoff to surface waters and leaching into groundwater.  
Reviewing the level of treatment by a reclaimed water utility, the range of nutrient 
content, and distribution of reclaimed water for irrigation is important for watershed 
managers addressing nonpoint source pollution in surface waters, especially when 
attempting to meet Total Maximum Daily Loads (TMDLs) assigned for nutrient 
pollution.  
 
Combined Nutrient Source Pollution 
The studies described below measure nutrient concentrations of reclaimed 
water, application of fertilizer in conjunction with reclaimed water, and compare 
nutrient concentrations in reclaimed water to that of fertilizer, septic tank leachate, 
and urban runoff. The areas where analysis occurred are diverse, indicating the 
wide-ranging importance of their research of combined nutrient source pollution.   
King & Balogh (1999) performed a modeling study to research the 
maintenance and irrigation strategies for Bermuda grass. The project evaluated the 
use of reclaimed water and management techniques on a simulated golf course 
fairway and a golf course green to observe offsite loadings of fertilizers and 
12 
 
pesticides. For this literature review, only the data regarding the irrigation 
strategies and ultimate nitrate loadings are pertinent and therefore reported 
findings are limited to that data. The authors predicted significant differences in 
runoff and leachate between the management strategies. Four treatments were 
observed through water quality modeling which included normal water-normal 
management, normal water-reduced management, reclaimed water-normal 
management, and reclaimed water-reduced management. Fertilizer applications 
included both slow release and quick release products. Mowing operations were 
simulated and clippings were left on the fairways and removed from the greens, as 
is customary for most golf course maintenance areas. The reclaimed water was 
simulated as tertiary treated.  
The differences observed between nitrate losses in leachate and runoff from 
the study areas were attributed to irrigation strategies (King & Balogh, 1999). 
Significant reductions occurred on the fairways when normal water-normal 
management was compared with reclaimed water-reduced management. The 
authors concluded that a higher potential for offsite nutrient transport could exist 
when improper irrigation of reclaimed water occurred, coupled with fertilizer 
application offsite transport could be exacerbated. King & Balogh (1999) suggested 
offsite loadings to water supplies could be reduced by considerable amounts with 
proper management of reclaimed irrigation. This statement reiterates Chen et al., 
(2013) where irrigation amounts meet water needs but can exceed nutrient needs 
when irrigating with reclaimed water. King & Balogh’s (1999) study has local 
implications for Pinellas County as several golf courses use reclaimed water and 
their respective fertilizer management regime is unknown.  
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Harper (2007) describes wastewater reuse as an alternative method of 
disposal to avoid the expensive treatment required for surface water discharges. He 
provides an overview of the beneficial uses of reclaimed water and introduces 
potential water quality issues with excess or improper use of reclaimed water for 
irrigation. In 1998 it was determined by FDEP that impacts on groundwater supplies 
and human health issues necessitated a Risk Impact Statement and thus required a 
reduction in bacteria and nitrogen concentrations as well as limiting other 
constituent concentrations to meet drinking water standards. Harper (2007) 
discusses the potential for nutrient pollution by reviewing reuse characteristics. By 
examining phosphorous and nitrogen concentrations in reclaimed water versus 
urban runoff concentrations, Harper (2007) concluded nitrogen concentrations are 
2-15 times higher in reclaimed water than runoff, and phosphorous concentrations 
2-60 times higher than runoff. This means overall the nutrient content of reclaimed 
water is like septic tank leachate. By comparison, a septic tank is intended to be a 
closed system. However, in the case for leachate, a septic tank has a drain field 
underground so it has the potential to impact groundwater resources, but the input 
is directly based on the amount of potable water taken into the household for use.  
Reclaimed irrigation is not dependent on potable water, is in many cases not 
metered or restricted, and the potential for overuse and overspray onto impervious 
surfaces is significant. Harper (2007) details an example of phosphorous loading 
comparing septic tank leachate with reuse irrigation and finds that phosphorous 
loading from irrigation would be higher than septic.  
In 2011, Harper presented information regarding Florida stormwater runoff 
concentrations at the Florida Stormwater Association (FSA) winter conference in 
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Tampa. He explained urban runoff concentrations are expressed by event mean 
concentrations (EMCs). Values are calculated as simple arithmetic means of the 
annual pollutant loading divided by the annual runoff volume. EMCs are 
characterized by a high degree of variability in Florida due to variations in rainfall 
frequency & intensity as well as land use and soil types (Harper, 2011). Stormwater 
runoff concentrations, or EMCs, exist for multiple land use categories and multiple 
water quality parameters. The EMC for total nitrogen for single family residential 
land use in Florida is 1.87mg/L and for multi-family residential land use is 2.10mg/L 
(Harper, 2011). The EMC for total phosphorous for single family residential land use 
is 0.301mg/L and for multi-family residential land use is 0.497mg/L (Harper, 2011). 
For this thesis project, these values were compared to the discharge water from 
each of the WWTPs to determine where they rank in Harper’s 2007 
characterization, above, of reclaimed water as compared to urban runoff 
concentrations. Another study by Harper compares nutrient concentrations between 
reuse irrigation and fertilizer application. On average, fertilizer use may not be 
necessary when reuse is used for irrigation and Harper resolved that overspray of 
reuse could cause mass loadings that exceed runoff loads (Harper, 2007).  
The studies presented above measured nutrient concentrations of reclaimed 
water, application of fertilizer in conjunction with reclaimed water, and comparisons 
of nutrient concentrations in reclaimed water to that of fertilizer, septic tank 
leachate, and urban runoff. The results overwhelmingly support the premise that 
nutrient loadings in surface waters can be attributed to reclaimed irrigation and 
further research should be pursued. With 98% of Pinellas County developed, much 
of the soils compacted, and loose regulations/enforcement of watering restrictions 
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regarding the use of reclaimed, it is quite possible that loadings from reclaimed 
water are significant. Meneses, Pasqualino, and Castells (2010) and Harper (2007) 
conclude that effective tertiary treatment technologies are needed if reclaimed 
water is to be used safely, and that although implementation of advanced 
wastewater treatment technology is expensive, the cost must be weighed against 
the costs of surface water quality improvement projects to offset the improper use 
of reclaimed water for irrigation.  
 
Water Quality Protection 
The federal legislature has designated that states are responsible for meeting 
surface water quality standards; states in turn have designated local government 
agencies with the responsibility for implementing monitoring programs and 
pollution prevention programs to identify, protect, and restore watersheds for 
current and future generations (EPA, 2015b; FDEP, 2016b). Since water is essential 
for all aspects of life, there exists a complex relationship between water supply and 
demand, and the size of the community in need of the resource (Sharma, 2009). 
Proper management and control of nonpoint sources of pollution is critical in the 
protection of watersheds and in the restoration process. Elshorbagy, Teegavarapu, 
and Ormsbee (2005) illustrate that nutrients are a ‘classic example’ of nonpoint 
source pollution loads in waterbodies. Watershed management involves three 
objectives according to Elshorbagy et al. (2005): the first is protection of 
watersheds from pollution activities; second is enhancement of water resources by 
altering watershed features; and third is rehabilitation of watersheds that have 
been altered or abused. Best Management Practices or BMPs in stormwater 
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management are the practices or combination of practices that can successfully 
reduce the potential for pollution of receiving waters (EPA, 2016).  
Nitrogen and phosphorous are essential for aquatic organism survival as they 
are the basis of the aquatic food web. Nitrogen and phosphorous are part of the 
natural eutrophication process in waterbodies, however, it can be accelerated by 
excess nutrient inflow because of anthropocentric activities. Symptoms of 
eutrophication include nuisance algae blooms, congestion from nuisance vegetation 
which limit recreational uses of the waterway, decrease of the aesthetical value, 
and harmful reduction of dissolved oxygen needed to support aquatic life at all 
levels (Badruzzaman et al., 2012). As oxygen is depleted, the potential for fish kills 
are more prevalent. Loss of fisheries leads to decreased diversity of aquatic 
communities and impacts to food webs. Local economies can be impacted by 
eutrophication through loss of commercial and sport fisheries, increased costs for 
treatment of water resources (whether for stormwater treatment or treatment of 
surface waters prior to human use), and lastly negative impacts to tourism, real 
estate, and increase in taxes for implementing mitigation efforts (Badruzzaman et 
al., 2012).  
A review of the existing and proposed regulations for wastewater reuse and 
water quality is warranted here. Chapter 62-610, Florida Administrative Code of 
Florida Statutes, governs the use of reclaimed water and land application (FDEP, 
2015c). Here are three statutes of primary attention: 
Ch. 62-610.468 Access Control and Advisory Signs. 
(6) The permittee shall ensure that users of reclaimed water are informed 
about the origin, nature, and characteristics of reclaimed water; the 
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manner in which reclaimed water can be safely used; and limitations on the 
use of reclaimed water. (FDEP, 2015c, p. 518) 
Ch. 62-610.800 Permitting Requirements. 
(12) The permittee is responsible for ensuring that: 
(a) Reclaimed water… is of acceptable quality for the intended uses 
(b) Reclaimed water is used in a manner…, such that …environmental 
quality will be protected. (FDEP, 2015c, pp. 543-544) 
Ch. 62-610.850 Protection of Surface Water and Ground Water Quality. 
(1) Protection of surface water quality. 
(a) Reuse and land application projects shall not cause or contribute to 
violations of water quality standards in surface waters. (FDEP, 2015c, p. 
546) 
A 2010 Florida State Senate select committee on Florida’s inland waters 
found preliminary study results to indicate increased nutrient loading in waterbodies 
can be attributed to reclaimed water use (Marzolf, 2010). In addition to the existing 
Florida Statutes, Senate Bill 536 provided for a final report by FDEP (2015e) for the 
expanded use of reclaimed water with considerations for stormwater and excess 
surface water to meet the expected population expansion by the year 2030. The 
report identified factors that would complicate expansion of reclaimed water use, 
including environmental, public health, and fiscal constraints, and recommended 
mitigation. The report explicitly states “one of the sources that is often identified in 
the BMAP process is wastewater effluent. In some cases, it is a significant source of 
nutrients to impaired waters” (FDEP, 2015e, p. 34). The report goes on to say that: 
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…the development of reclaimed water for reuse has the potential to create 
new, or contribute to existing, impairments. To avoid this problem, the 
nutrient content of reclaimed water should be recognized and incorporated 
into waterbody nutrient budgets. Specifically, where reclaimed water is used 
for turf or crop irrigation, the incorporation of reclaimed water derived 
nutrients needs to be included within fertilization regimes. This approach will 
allow a reduction in the amount of fertilizer applied and save the reuse 
customer money, while reducing, or at a minimum not increasing, nutrient 
inputs to the landscape. (FDEP, 2015e, p. 34).  
Marzolf (2010) contends that nutrients from reclaimed water require equal scrutiny 
for water resource protection as other nutrient sources like fertilizer, septic 
systems, etc. and contends that simply because reuse initiated as a benefit does 
not disqualify the potential for water pollution since not all nutrients are absorbed 
by plants or bound by soil. 
 
Total Maximum Daily Loads (TMDLs) 
A TMDL is the calculated daily amount a ‘contaminant’ can be added to a 
waterbody without altering its designated use (Pinellas County, 2015e). Designated 
uses are defined in Florida by the FDEP by classifications. When waterbodies do not 
meet their classified use, they are considered ‘impaired’ and are put on a path to 
rehabilitation. The path can be through a TMDL for a quantifiable pollutant to be 
limited or a Reasonable Assurance Plan (RAP). TMDLs are assigned by the EPA, by 
the FDEP, or the FDEP can approve a RAP agreement with the responsible party. A 
RAP plan is a control plan that is already in place to address pollution, restore the 
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waterbody, and is approved by FDEP instead of assigned a TMDL. Local 
governments are responsible for assessing and generating Basin Management 
Action Plans (BMAPs) for obtaining the required reduction of the contaminant 
(nutrients, suspended sediments, bacteria, etc.) (FDEP, 2015b), unless they 
already have a RAP approved. This limitation or load reduction occurs by identifying 
pollutant sources and enforcing constraints on watershed activities that are 
jeopardizing water quality. Each pollutant is assigned its own ‘limit’ for each 
waterbody segment where ambient-based water quality standards are not met. 
Waterbody segments are called WBIDs or Waterbody Identifiers (FDEP, 2016b). 
WBIDs may have different boundaries than watershed boundaries. There are 
currently 57 WBID nutrient related impairments in Pinellas County. 
Florida’s rule, Section 62-302.200 (25) (e), F.A.C. deems that numeric 
nutrient criteria are to be expressed as a geometric mean and limits are not to 
exceed 1.65mg/L of TN and 0.49mg/L of TP “more than once in any three calendar 
year period.” (EPA, 2013, p. 15) Elshorbagy et al. (2005) states the importance of 
practical management strategies and addressing waterbody-specific load 
reductions, with the understanding of the challenge of further research into the 
TMDL approach at the technical and implementation levels and states that it is 
important for public participation and accountability be considered in water quality 
related issues. 
Pinellas County, FL consists of 52 watersheds, 86% of which are designated 
‘impaired’ for not meeting surface water quality standards. More than half of these 
are for nutrient impairment, depicted in Figure 2. The figure shows the 57 land-
based WBIDs mentioned above as well as 9 WBIDs encompassing all of Tampa Bay 
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for which there has been a nitrogen TMDL since 1998 and a Nitrogen Management 
Consortium working to address nutrient reduction in Tampa Bay. Watershed 
managers must not only juggle increased population demands, freshwater 
shortages, seasonal heavy rains, impacts of stormwater runoff, and ambient water 
quality standards, but also the potential excess use of reclaimed water that can 
have unintended consequences of contributing to existing or potentially new TMDL 
issues. Both the EPA and FDEP have assigned TMDLs to the Joe’s Creek Watershed 
for multiple tributaries in 2008 and 2013 (Table 3).  
It is well-known that Florida homeowners over-water their lawns and that 
reclaimed water is a source of nutrients for landscapes (Delfino, 2004; Haley, 2007; 
Odera & Lamm, 2014; Salter-Mitchell, 2009; Souto & Marshall, 2007; and Trenholm 
& Unruh, 2008). Watershed managers have difficulty addressing nonpoint source 
pollution regarding nutrient pollution from irrigation practices. Policies regarding 
irrigation with reclaimed water are nonexistent, or implemented but not enforced. It 
has been commonly said that laws without enforcement are useless. This can also 
be said about watering restrictions. This research project highlights potential 
pollutant sources from reclaimed irrigation practices within the Joe’s Creek 
watershed for the purpose of supporting programs to control reuse-related nutrient 
sources; these include implementing restrictive application policies; or providing 
supportive information for implementing enforcement programs; and/or increasing 
rates to discourage over-use. 
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Figure 2. Pinellas County, FL with Highlighted Nutrient Impaired Watersheds 
(Pinellas County) 
 
 
 
 
22 
 
Table 3. TMDLs in Joe’s Creek Watershed Tributaries (EPA, 2008; EPA, 2013; FDEP 
2008a; FDEP 2008b) 
Agency Year Waterbody Parameter Range / Average Reduction 
Requirement 
EPA 2008 Joes Creek TP 0.01-0.38 mg/L 49% 
EPA 2008 Joes Creek TN 0.21-2.76 mg/L 49% 
FDEP 2008 Joes Creek DO  25% of samples 
were < 5.0mg/L 
< 10% of samples 
below 5.0mg/L 
FDEP 2008 Joes Creek Chl-a 7.6-25.6ug/L < 50% above 
historical average 
(4.75ug/L)  
FDEP 2008 Joes Creek  Fecal 
Coliform 
Of 50 samples, 
28% were 
>400MPN / 
100mL; max 
sample read 
3,500MPN/ 
100mL  
AVG<200MPN/100m
L per month & <10% 
samples >400MPN / 
100mL & never 
exceed 800MPN / 
100mL any day 
EPA 2008 Joes Creek 
& P.P. 
Ditch #5 
DO & BOD  
 
DO = or >5.0mg/L 
FDEP 2008 Miles 
Creek 
Fecal 
Coliform 
Of 12 samples, 
75% were 
>400MPN / 
100mL; max 
sample read 
7,300MPN / 
100mL 
AVG<200MPN/100m
L per month & <10% 
samples >400MPN / 
100mL & never 
exceed 800MPN / 
100mL any day 
EPA 2008 P.P. Ditch 
#5 
TP average 0.181 
mg/L 
64% 
EPA 2008 P.P. Ditch 
#5 
TN average 1.27 
mg/L 
27% 
FDEP 2008 P.P. Ditch 
#5 
DO 49% of samples 
were < 5.0mg/L 
< 10% of samples 
below 5.0mg/L 
FDEP 2008 P.P. Ditch 
#5 
Chl-a 19.7-44.7ug/L < 50% above 
historical average  
EPA 2013 P.P. Ditch 
#1 
TP average 697 
kg/yr 
85% 
EPA 2013 P.P. Ditch 
#1 
TN average 5,905 
kg/yr 
80% 
* Waterbody Joes Creek includes Miles Creek; DO = Dissolved Oxygen; BOD = 
Biochemical Oxygen Demand; P.P. = Pinellas Park; 
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Chapter 3: Research Objectives 
Significance and Project Goals 
It has been established that the Joe’s Creek watershed does not meet water 
quality standards, specifically relative to nutrients (EPA, 2008; EPA, 2013; FDEP, 
2008a; FDEP 2008b). Nutrients are primary sources of eutrophication and pollution 
in waterbodies. Any attempt at locating contributing sources of nutrients provides 
information for consideration by water quality managers responsible for protecting 
water resources. The significance of this project is that it provides the first analysis 
of specific water quality monitoring sites within the Joe’s Creek watershed that are 
directly impacted by reclaimed water usage. Previous studies generally state that 
reclaimed water can be a contributing factor in nutrient pollution of surface 
waterbodies (Janicki, 2008; Marzolf, 2010; Meneses et al., 2010), and others have 
extrapolated concentrations of TN and TP that have been released to the 
environment during a specific time period (Harper 2007; King & Balogh, 1999; 
Martinez et al., 2011), but there were no studies which evaluated nutrient 
concentrations in discharged reclaimed water relative to the receiving waterbody’s 
nutrient concentrations. 
St. Pete’s WWTP uses a secondary treatment level and is disinfected before 
distribution for reclaimed water use per State regulations (City of St. Petersburg, 
2015a; FDEP, 2015b). One of the first systems to be constructed in Florida, in the 
1970s, the plant remains one of the largest in the world (Crook, 2005). Through 
several expansions starting in the early 1980s, there are four plants on a 
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continuous loop providing reclaimed water service for landscape irrigation to 
approximately 11,000 customers, generating 37mgd (City of St. Petersburg, 
2015a). The City of St. Petersburg has voluntary restrictions for the use of 
reclaimed water (City of St. Petersburg, 2015a). The significance of studying the 
reclaimed water from St. Pete is because the study area is a highly urbanized 
watershed with TMDLs for excess nutrients; the level of treatment from this plant 
meets minimum requirements by State law that potentially does not recognize the 
uniqueness of reclaimed water in a highly urbanized watershed, and the use of this 
resource is only restricted by voluntary action. 
Pinellas County’s WWTP was built in the 1960s and renovated in 2003 and 
has a capacity to generate 33mgd and serves approximately 23,000 customers (Jim 
Dulaney, personal communication 10/15/15). Pinellas County’s plant is treated to 
tertiary level, which includes the secondary treatment plus the removal of 
suspended and dissolved substances and organics, and is disinfected before 
distribution (Pinellas County, 2015c). This plant serves customers in a different 
portion of the Joe’s Creek Watershed from that of St. Pete. 
Research Questions 
This study attempted to answer the following questions:  
1. Is St. Pete discharging higher nutrient concentrations than Pinellas County 
into the reclaimed water distribution system?  
2. Are the nutrient levels in Miles Creek, the receiving creek for St. Pete, 
higher than required standards, and if so, to what extent?  
3. Are the nutrient levels in Bonn Creek, the receiving creek for Pinellas 
County, higher than required standards, and if so, to what extent?  
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4. Are the nutrient levels in Miles Creek higher than the nutrient levels in 
Bonn Creek for the same sampling days?  
5. Are the Control Sites on Joe’s Creek, outside of reclaimed water service 
areas, measurably lower in nutrient levels for the same time period when 
compared with the Miles Creek and Bonn Creek sites?  
6. Does rainfall in the watershed factor in to the nutrient levels in the four 
monitoring sites? 
 
This project was based on studies completed by PBS&J in 2007 (FDEP, 
2008b), Janicki Environmental in 2008, and most recently by Environmental 
Research Design (ERD) in 2010. The 2008 Janicki Environmental study presented 
the reclaimed nitrogen application rate based on the recommended 1 inch of 
watering 1 day a week, and determined the resulting fertilization amount to apply 
in order to meet the recommended annual fertilizer limit for three grass types. It 
concluded no additional fertilizer would be needed for any of the grass types 
irrigated with St. Pete reclaimed water because of the very high nutrient 
concentrations provided by the utility (Janicki, 2008). This information supports the 
significance of this research because as indicated above, it is well known that 
residents typically overwater their landscapes. 
To protect public health from accidental consumption of reclaimed water, 
service can only be provided to properties where irrigation systems exist (City of St. 
Petersburg, 2015a; Pinellas County, 2015c). Properties with in-ground irrigation 
systems use 35% more water outdoors; and systems with automatic timers use 
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47% more water than systems that are not automated (Mayer, DeOreo, Opitz, 
Kiefer, Davis, Dziegielewski, & Nelson, 1999). 
Null and Experimental Hypotheses 
The experimental hypotheses were: 
1. Secondary treated reuse water for irrigation would result in higher 
nutrient concentration values in Miles Creek than Bonn Creek which is in 
the tertiary treated reuse irrigation area. 
2. Both Miles Creek and Bonn Creek would have higher nutrient 
concentration values than either of the Control Sites located on Joe’s 
Creek that are not in a reclaimed service area.  
It was expected that significant differences in nutrient concentrations would 
exist between the two WWTP discharge concentrations. It was also expected that 
the highest nutrient levels would be found at the Miles Creek site (35-12) and that 
the second highest levels would be found at the Bonn Creek site (35-09). 
The null hypothesis was that using reclaimed water for irrigation had no 
impact on nutrient levels in the waterbodies of the study area. It was assumed that 
because of elevated nutrient concentrations in reuse water, combined with the 
general practice of overwatering, an elevated nutrient concentration would be 
observed in the receiving waters.  
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Chapter 4: Study Area 
Climate/Population 
Pinellas County is the second smallest county in the State of Florida for land 
mass. It is shown in Figure 3 with the study watershed, Joe’s Creek, and tributaries 
of concern. Pinellas County is 38 miles long and only 15 miles at its central widest 
point, encompassing 280 square miles. It is the most densely populated county in 
Florida with 3,347 people per square mile and a population of approximately 
916,542 in 2010, per the US Census Bureau website (US Census Bureau, 2015) and 
Pinellas County website (Pinellas County, 2015a). It is characterized by a mild, 
subtropical climate with an average of 360 days of sunshine per year and average 
relative humidity of 78.86%. The average annual temperature for Pinellas County is 
72.7°F, which is just slightly above the state average of 71.8°F. Mean precipitation 
is 51.87 inches per year, with most rainfall occurring in the summer months from 
June through September. A U.S. Geological Survey (USGS) rain gage station 
located within the study area, provided rainfall amounts for the study period 
(Appendix D). 
 
Geography/Hydrology 
Pinellas County is characterized by flat to hilly uplands and lowlands that 
align at sea level, with a maximum elevation of just 100ft above sea level in 
Clearwater near Safety Harbor (Pinellas County, 2015a). As of 2004 much of the 
county was already developed, with 94.8% impervious cover. Most water features 
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consist of urbanized streams, creeks, ponds and a few major lakes, which are all 
now incorporated into stormwater conveyance because much of the development of  
Pinellas County occurred prior to implementation of stormwater treatment 
technologies (Pinellas County, 2015b). The Joe’s Creek Watershed (Figure 3) 
maximum elevation is just 55 feet above sea level and much of the water features 
consist of drainage canals that are steep vegetated banks or concrete lined ditches.  
 
Figure 3. Joe’s Creek Watershed Basin and Tributaries (Pinellas County) 
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Joe’s Creek Watershed 
The area of study, Figure 4, is the Joe’s Creek Watershed located in south-
central Pinellas County. The main channel of Joe’s Creek and its tributaries are 
designated as Class III fresh waterbody or Class III marine where portions are tidal 
(FDEP, 2008a), totaling 11.2 miles in length, and generally flow east to west and 
empty into the Cross Bayou Canal (Levy et al., 2011). Within the area of study are 
3 segments: the north tributary Bonn Creek; the south tributary Miles Creek; and 
Joe’s Creek main channel which is located between the two tributaries. The Joe’s 
Creek Watershed basin encompasses 9,256 acres extending over four separate 
municipal jurisdictions, each responsible for providing various services to citizens as 
well as individually and collectively responsible for meeting state water quality 
standards as waterbodies do not follow jurisdictional boundaries. Figure 4 also 
includes the locations of the two WWTPs. The only point source in the watershed is 
the Pinellas County WWTP, which has permitted discharge to the tidal portion of 
Joe’s Creek, and which is downstream of the study area and does not influence 
water quality at the monitoring sites (FDEP, 2008a) 
The locations of the four water quality monitoring sites are shown in Figure 
5, with photographs of each of the monitoring sites in Figure 6. Site 35-12 is on 
Miles Creek and is within the St. Pete service area using secondary treated 
reclaimed water. Site 35-09 is on Bonn Creek and is within the Pinellas County 
service area using tertiary treated reclaimed water. Two locations served as control 
sites, both on Joe’s Creek. Control Site 35-11 is near the upstream headwaters of 
Joe’s Creek and 35-10 is downstream of 35-11.  
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Figure 4. Overview of Study Area (Pinellas County) 
 
Figure 5. Locational Map Identifying the Four Sample Locations on the Tributaries 
(Pinellas County) 
31 
 
   
 
 
   
*USGS rainfall station at Control Site 35-11 
Figure 6. Photographs of the four monitoring sites (Pinellas County) 
 
Land Use/Soils 
A land use map was generated using ArcMap10. Maps throughout this paper 
were created using ArcGIS® software by Environmental Systems Research Institute 
(Esri), ArcGIS® and ArcMap™ (Redlands). Land use data layers from 2009 were 
obtained with permission from Pinellas County’s eGIS website so that the land use 
information was appropriate for the study period 
(http://egis.pinellascounty.org/apps/egis/). The Joe’s Creek Watershed is 
designated 73% residential and high density residential (EPA, 2008; EPA, 2013; 
Bonn Creek 35-09 Control Site 35-10 
Control Site 35-11 Miles Creek 35-12 
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FDEP, 2008a; FDEP, 2008b). Some areas of commercial and industrial land use 
exist, and to a lesser extent, green/open space also exists within the area of study 
(Figure 7). 
 
 
Figure 7. Land Use for 2009 in the Joe’s Creek Watershed Basin (Pinellas County) 
 
Soil type is of interest because of the indication for runoff potential. The 
Natural Resource Conservation Service (NRCS) classifies soil types into Hydrologic 
Soil Groups based on estimates of permeability or runoff potential (U.S. 
Department of Agriculture (USDA), 2007). Soils with the highest runoff potential 
are in Group D, which have a very slow rate of water permeability and usually 
consist of shallow soils on top of nearly impervious material. Soils in Group C have 
a slow infiltration rate when thoroughly wet because they usually contain a layer 
that impedes permeability. Group B soils have a moderate infiltration rate as they 
are comprised of well drained or moderately well drained soils. Lastly, soils in Group 
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A are well drained sandy or gravel sand soils with high permeability. Some soils 
have dual hydrologic groups indicating their natural soil type is Group D (in 
undrained areas) and the first letter is indicative of drained areas. Per NRCS data, 
much of the watershed is Group A/D indicative of high runoff potential with some 
areas of permeable soils (Figure 8). 
 
 
Figure 8. NRCS soils map of Joe’s Creek Watershed 
 
In an attempt to determine nutrient sources within the Joe’s Creek 
watershed, in 2007 the consultant PBS&J was contracted to create a model to 
estimate hydrologic and pollutant loadings resulting from stormwater runoff (FDEP, 
2008b). The consultant used standard stormwater runoff data representing the 
State of Florida. The modeling efforts by PBS&J determined the simulated and 
measured concentrations of total nitrogen and total phosphorous within the Joe’s 
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Creek basin were a poor correlation, indicating that the predicted standard runoff 
characterization data used in the model was not indicative for the Joe’s Creek 
Watershed (ERD, 2010). The resulting determination was that additional pollutant 
sources, other than stormwater runoff, are involved in the water quality impairment 
of the drainage basin (ERD, 2010).  
  
35 
 
 
 
Chapter 5: Methods 
Sample Design 
The sample design is based on two WWTPs within the Joe’s Creek Watershed 
that have different wastewater treatment levels producing reclaimed water for use 
within the watershed. The WWTPs generate reclaimed water for customers in 
different areas of the same watershed. The design is to compare nutrients in the 
reclaimed water from each plant and to compare volume usage by the differing 
customer datasets. The watershed also contains four surface water quality 
monitoring sites with historical data. One site is located within the tertiary 
treatment reclaimed service area, another is located within the secondary 
treatment reclaimed service area, and two sites serve as control sites which are 
located outside of either of these two reclaimed service areas. The design is to 
compare nutrient concentrations of these four monitoring sites to determine if there 
are differences. 
Total Nitrogen and Total Phosphorous data were reviewed from St. Pete, 
Pinellas County, and the four water quality monitoring sites. Rainfall data were 
reviewed from the USGS station (Station #2308935) located on Joe’s Creek main 
channel and historical rainfall data were obtained from the St. Petersburg 
Meteorological monitoring site (Site #087886) maintained by the Southeast 
Regional Climate Center (SRCC) (USGS, 2016c & SRCC, 2007). This project 
comprised a review of existing data; no direct water quality or rainfall samples were 
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collected for this study. All data were obtained from personnel employed at the 
WWTP utilities, from the Pinellas County WaterAtlas website for surface water 
quality monitoring data, from the USGS website for study period and from the 
SRCC website for historical rainfall data. All data were collected and reviewed for 
accuracy by the respective entities according to protocol as designed and required 
by the FDEP or their federal governing agency.  
 
Table 4. Water quality monitoring site descriptions 
Bonn Creek  
35-09 
Joe’s Creek 
Control Site  
35-10 
Joe’s Creek 
Control Site  
35-11 
Miles Creek  
35-12 
Tertiary Treated 
Reclaimed 
No Reclaimed No Reclaimed Secondary Treated 
Reclaimed 
Pinellas County 
WWTP 
  St. Pete WWTP 
  USGS rain gage  
 
 
Mapping 
Maps throughout this paper were created using ArcGIS® software by Esri, 
used herein under license. Addresses were imported into ArcMap10 to create data 
layers and the clip tool was used to select the customer points used in the study. 
The Pinellas County Division of Environmental Management provided data layers for 
the watershed boundaries, the basin tributaries, the impaired waters, and the water 
quality monitoring sites. ArcGIS online provided the source for NRCS soil type 
(https://www.arcgis.com/home/index.html). Land Use data was also obtained 
through Esri and Pinellas County (http://egis.pinellascounty.org/apps/egis/). 
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Photography of the water quality monitoring site locations was obtained with 
permission from Pinellas County.  
 
Data Organization 
It was initially anticipated that sufficient data would be available for the 
project to study the past 10 years (2005-2015); however, due to the upgrade of 
the City of St. Petersburg computer system and Pinellas County altering one site 
location in the watershed at the beginning of 2015, only the six-year period from 
2009-2014 was evaluated.  
The City of St. Petersburg WWTP collects aqueous samples of influent and 
effluent weekly (Janet DeBiasio, personal communication, 11/17/2015). Samples 
are analyzed by the St. Petersburg Environmental Compliance Division; composite 
samples were processed per EPA Method 353.2 for Nitrate + Nitrite; EPA Method 
351.2 for Total Kjeldahl Nitrogen; and TN was calculated by the utility by summing 
the two values. Total Phosphorous was processed per EPA Method 365.4. Pinellas 
County WWTP samples their effluent daily (Ivy Drexler, personal communication, 
11/17/15). Pinellas County Utilities Laboratory performs analysis for TP per EPA 
Method 365.4, Total Kjeldahl Nitrogen by ASTM3590-02, Ammonia (NH3) by 
SM4500-H, and SM 4500-F for Nitrate+Nitrite. TN was calculated by the utility by 
summing TKN and Nitrate + Nitrite.  
Weekly data for this study period was manually extracted from the Pinellas 
County dataset to match the weekly sample dates for St. Pete. For this research, 
data was also organized into wet and dry seasons based on historical rainfall data. 
The wet season includes data between June and September. The dry season 
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includes data between October and May. Comparisons were made for TN and TP for 
each matching weekly dataset from 1/1/2009 to 12/31/2014. Customer addresses 
were obtained from each utility in spreadsheet format, which were mapped within 
ArcGIS to estimate a selection of fair, equal, best match customer base for 
comparison from each utility provider. Total volume discharge into the reclaimed 
distribution system and estimated daily flow for residential use of reclaimed water 
were also obtained from each utility. These data were used to calculate an 
estimated application volume per week in the two study areas which is further 
explained in the Volume Discharge and Application Estimates section below. 
Rainfall data are recorded by the USGS station on Joe’s Creek at the Control 
Site 35-11 location (as seen in photograph of Figure 6). Daily and monthly 
summary data were downloaded for the study period from the USGS website 
(http://waterdata.usgs.gov/nwis/sw), (Appendix D). Gaps in data exist where 
equipment failure or other phenomena occurred.  
Surface water quality monitoring was completed by Pinellas County 
Watershed Management per FDEP Standard Operating Procedures for Surface 
Water Sampling (FS 2100) and General Sampling (FS 1000) (FDEP, 2014). 
Sampling occurs once every six to eight weeks throughout each year to account for 
seasonal variations, and samples are only collected when the waterbody is actively 
flowing. (Levy et al., 2011). Samples collected are analyzed by Pinellas County 
Utilities Laboratory using the same methods described above. Surface water quality 
data for this study were downloaded from the Pinellas County Wateratlas website 
(http://www.pinellas.wateratlas.usf.edu/DataDownload/). The download included all 
available data for each site sampled each day from 1/1/2009 to 12/31/2014 
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(Appendix B). Surface water data contained extensive parameters and field details; 
as such, the TN and TP data were extracted from the datasets for each of the four 
water quality monitoring sites. Comparisons were made for TN and TP for each 
surface water monitoring site overall and individual comparisons for when matching 
sample dates existed.  
 
Data Analysis 
Methods of analysis included the use of Data Analysis Toolpak software 
(Excel; Microsoft, 2016) and SPSS software (version 22; IBM, 2013) for simple 
statistical computations. Several comparisons were completed for TN and TP data. 
These include nutrient discharge between the two WWTPs; nutrient concentration 
between the two monitoring sites within the reclaimed water service areas (Bonn 
Creek 35-09 & Miles Creek 35-12); nutrient concentration between each monitoring 
site within reclaimed service areas and the two control sites outside of reclaimed 
water service areas (35-10 & 35-11); nutrient concentrations between the two 
control sites; rainfall events and TN concentrations in all four monitoring sites; and 
a comparison of study period rainfall data to historical data.  
 
Volume Discharge and Application Estimates 
There was an assumption made about the number of days per week that 
reclaimed water was used to irrigate landscapes based on the voluntary restriction 
put upon by the City of St. Petersburg of 3 days per week. Having been provided 
the total customers and the total volume generated per day, an estimated volume 
of reclaimed water applied to landscapes within the study area was calculated:  
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(
𝑑𝑎𝑖𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑙𝑜𝑤
# 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
= 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑎𝑖𝑙𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑟𝑒𝑐𝑙𝑎𝑖𝑚𝑒𝑑 𝑤𝑎𝑡𝑒𝑟)   
 
(𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑎𝑖𝑙𝑦 𝑢𝑠𝑒 ∗ 3 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 = 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑢𝑠𝑒 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘)     
 
(# 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑖𝑛 𝑎𝑟𝑒𝑎 ∗ 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑢𝑠𝑒 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 =
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑒𝑐𝑙𝑎𝑖𝑚𝑒𝑑 𝑤𝑎𝑡𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑡𝑢𝑑𝑦)   
 
The total number of single family homes with reclaimed water serviced by South 
Cross Bayou is 21,281. A table of customer addresses was provided and mapped 
through GIS software to determine the number of customers within the study area, 
which is 172. The estimated average daily flow for residential reclaimed water use 
is 6.92mgd (Shannon Ransom, personal communication 12/17/15). Using the 
equation above for Pinellas County: 
 
6.92𝑚𝑔𝑑
21,281 𝑡𝑜𝑡𝑎𝑙 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
= 325𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 
 
325𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 ∗ 3 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 = 975𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 
 
975𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 ∗ 172 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
= 167,700𝑔 𝑜𝑓 𝑟𝑒𝑐𝑙𝑎𝑖𝑚𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 𝑖𝑛 𝑃𝑖𝑛𝑒𝑙𝑙𝑎𝑠 𝐶𝑜𝑢𝑛𝑡𝑦 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 
 
The City of St Petersburg provides 11,172 accounts with reclaimed water, 
(Janet DeBiasio, personal communication 12/17/15). A table of all customer 
addresses was provided and mapped through GIS software to view locational 
information. Upon review, an equal number of customers, 172, was selected for 
consistency in the two service areas (Figure 9). The dots at the top of the map 
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represent the Pinellas County tertiary treated reclaimed customers near Bonn Creek 
monitoring site 35-09. The dots at the bottom of the map represent the City of St. 
Petersburg secondary treated reclaimed customers near Miles Creek monitoring site 
35-12. The other two sites represent the Control Sites 35-10 and 35-11 which are 
on the Joe’s Creek main channel and are outside of reclaimed service areas.  
 
 
Figure 9. Reclaimed customer points and the four water quality monitoring sites 
for this study 
 
 
The estimated average daily flow for residential reclaimed water use in the 
City of St. Petersburg is 6.5 million gallons per day (Janet DeBiasio, personal 
communication 8/21/2016). The other 8.89mgd was used for irrigation of parks, 
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medians, golf courses, and used for cooling towers and commercial units. Using the 
equation for St. Pete: 
 
6.5𝑚𝑔𝑑
11,172 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
= 582𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 
 
582𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑑𝑎𝑦 ∗ 3 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 = 1,746𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 
 
1,746𝑔 𝑝𝑒𝑟 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 ∗ 172 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠
= 300,312𝑔 𝑜𝑓 𝑟𝑒𝑐𝑙𝑎𝑖𝑚𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 𝑖𝑛 𝑆𝑡. 𝑃𝑒𝑡𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑎𝑟𝑒𝑎 
 
Pinellas County has irrigation restrictions for all source water (potable, well, 
reclaimed) which vary throughout each year based on rainfall amounts that 
supplement supply input. The City of St Petersburg has a voluntary restriction of 3 
days per week. Upon review of the same number of customers within the same 
watershed, experiencing essentially the same temperature, humidity, and rainfall 
conditions. The lack of watering restrictions by the City of St. Petersburg shows that 
customers are using nearly double the volume of reclaimed water within this study 
area. 
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Chapter 6: Results 
 
Examining the Relationships Between Key Factors 
WWTPs.  
Total Nitrogen concentration data, measured in milligrams per liter (mg/L), 
were reviewed for both WWTPs discharge data for the 6-year period of January 
2009 through December 2014 (Figure 10). The discharge data are representative of 
the nutrient concentration of water quality entering the reclaimed irrigation 
distribution network. The range of TN for Pinellas County, tertiary treated reclaimed 
water, was 0.81 to 10.20mg/L. The range of TN for St. Pete, secondary treated 
reclaimed water, was 5.23 to 35.90mg/L.  
 
Figure 10. TN in reclaimed water Tertiary Treatment vs Secondary Treatment 
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Total Phosphorous concentration data, measured in milligrams per liter 
(mg/L), were also reviewed for both WWTPs for the 6-year period of January 2009 
through December 2014 (Figure 11). The range of TP for Pinellas County was 0.02 
to 1.97mg/L. The range of TP for St. Pete was 0.56 to 6.12mg/L. The results in 
Figures 10 & 11 support Martinez and Clark’s (2015) statement that typically only 
25% of nutrients contained in secondary treatment remain after the additional step 
of tertiary treatment. 
 
 
Figure 11. TP in reclaimed water Tertiary Treatment vs Secondary Treatment 
 
 
Total Nitrogen at the Four Monitoring Sites. 
Results of the nutrient level comparisons are presented by categorically 
separating the nutrients. It is important to note that all the data are the 
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concentration of nutrients (total nitrogen and total phosphorous) and not loading 
data. Loading data were not evaluated because this research was intended to study 
the potential impact of reclaimed water used for irrigation within a watershed and 
not study nutrient loading of the creeks to other receiving waters. TN concentration 
results are reported first followed by TP concentration in a similar format.  
Total Nitrogen, in mg/L, of Bonn Creek, within the service area of the tertiary 
treated reclaimed system, was compared with TN of Control Sites 35-10 and 35-11 
(Figures 12 and 13). Bonn Creek data are represented by dots and Control Sites are 
represented by line. In both comparisons, there were a few dates where 
comparative data did not exist because one site was not flowing on the sample 
dates. Note the y-axis range of 0 to 2.50mg/L of TN for both graphs. 
 
 
Figure 12. TN in Bonn Creek vs Control Site 35-10 
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Figure 13. TN in Bonn Creek vs Control Site 35-11 
 
 
Total Nitrogen was reviewed for Miles Creek, within the service area of 
secondary treated reclaimed water, compared with TN of Control Sites 35-10 and 
35-11 respectively (Figures 14 and 15). In both graphs Miles Creek data are 
represented by dots and the Control Site by a line. Note the change in y-axis range 
of 0 to 4.00mg/L for Figures 14-16. This incorporates one outlier data point for 
Miles Creek on 3/17/2011 of 3.52mg/L. The range of data for Miles Creek contains 
higher TN values than that of Bonn Creek in Figures 12-13. 
To further assess the nutrient levels of creeks within reclaimed service areas, 
the TN of Bonn Creek and Miles Creek were compared as well as the incorporation 
of rainfall (Figure 16). For this graph, only sample dates where data existed for 
both sites was used for direct comparison, while all available daily rainfall data were 
used. 
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Figure 14. TN in Miles Creek vs Control Site 35-10 
 
 
 
Figure 15. TN in Miles Creek vs Control Site 35-11 
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Figure 16. TN in Bonn Creek vs Miles Creek with Rainfall 
 
 
An additional comparison was included to view the range of data for total 
nitrogen of the two control sites (Figure 17). It was immediately noticed that the 
range of TN data for the control sites is a maximum of 1.20 mg/L whereas previous 
data ranges reached 2.50mg/L for incorporating the Bonn Creek TN values, and the 
range of data for Miles Creek extended to 4.00mg/L for TN values. It was also 
noticed that there is no visible difference in the data points for the control sites over 
the 6-year period. Table 5 and Figure 17 summarize the TN data of the four sites. 
The Difference of Means were generated through SPSS (version 22; IBM, 2013) 
(Table 4). Box and Whisker plots were generated through Data Analysis Toolpak 
(Excel, Microsoft, 2016).  
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Figure 17. TN for Control Sites 35-10 and 35-11 
 
 
Table 5. TN Difference of Mean for the Four Study Sites 
Creek Name Mean N 
Std. 
Deviation 
Std. Error of 
Mean 
Geometric 
Mean 
BonnCreek 35-09 .9200 36 .26234 .04372 .8917 
Control 35-10 .6625 44 .16178 .02439 .6420 
Control 35-11 .7166 47 .18093 .02639 .6913 
MilesCreek 35-12 1.0771 45 .46816 .06979 1.0126 
Total .8397 172 .33809 .02578 .7906 
*SPSS confidence interval = 95% 
 
Figure 18 shows all TN data for the four sites. Half of the data set is 
encompassed within the ‘box’. The ‘whiskers’ extending from the box are indicative 
of the minimum and maximum quartile values from the median data point which is 
represented by the line within the box. Values greater than the upper limit are 
considered outliers and are represented by dots. Outliers occur twice for Bonn 
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Creek and twice for Miles Creek. The range of data between the 2nd and 3rd 
quartiles of the control sites is smaller than those of Bonn Creek and Miles Creek 
indicating less variation in the data points for the 6-year study period. 
 
Seasonality of TN Data. The next analyses are from the perspective of 
seasonal change (wet vs dry). Basing seasons on historical rainfall data, the wet 
season is from June-September and the dry season is from October-May. The entire 
dataset was separated into wet and dry seasons. Tables 6 and 7 display all 
available data by season, site sample count, and correlation using SPSS (version 
22; IBM, 2013), between the monitoring sites. Correlation data were obtained using 
the Pearson product-moment correlation, which provides a correlation coefficient 
between -1 and +1. 
 
 
Note. FDEP limit for TN is 1.65mg/L 
 
Figure 18. Box and Whisker Plot of all TN data for the monitoring sites 
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A value closer to +1 indicates a high positive correlation relationship between the 
subjects, the closer to zero indicates no correlation, and a negative value indicates 
an inverse relationship.  
Correlation data for Total Nitrogen in the wet season (Table 6) show there 
are strong positive relationships between Bonn Creek and Control Site 35-10 and 
between the two Control Sites. Miles Creek does not have any significant correlation 
relationship to the three other sites.  
 
Table 6. Wet Season TN concentration data 
 
Bonn Creek 
Wet 
Control 35-10 
Wet 
Control 35-11 
Wet 
Miles Creek 
Wet 
Bonn 
Creek  
Wet 
Pearson 
Correlation 
1 .828** .524 .186 
Sig. (2-tailed)  .000 .054 .524 
N 14 14 14 14 
Control 
35-10   
Wet 
Pearson 
Correlation 
.828** 1 .608** .289 
Sig. (2-tailed) .000  .007 .245 
N 14 18 18 18 
Control 
35-11 
Wet 
Pearson 
Correlation 
.524 .608** 1 .417 
Sig. (2-tailed) .054 .007  .085 
N 14 18 18 18 
Miles 
Creek  
Wet 
Pearson 
Correlation 
.186 .289 .417 1 
Sig. (2-tailed) .524 .245 .085  
N 14 18 18 18 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Correlation data for TN in the dry season (Table 7) show there is a significant 
positive correlation relationship between the two Control Sites and no correlation 
seems to exist between any combinations of the other sites. This is interesting as 
during the dry season is when most irrigation occurs and the correlation is between 
two sites where no reclaimed water irrigation occurs, which highlights the potential 
impact of irrigation water on receiving surface waters. 
 
Table 7. Dry Season TN concentration data 
 
Bonn Creek 
Dry 
Control 35-10 
Dry 
Control 35-11 
Dry 
Miles Creek 
Dry 
Bonn 
Creek 
Dry 
Pearson 
Correlation 
1 .273 .189 -.032 
Sig. (2-tailed)  .245 .413 .889 
N 22 20 21 21 
Control 
35-10  
Dry 
Pearson 
Correlation 
.273 1 .614** .276 
Sig. (2-tailed) .245  .001 .192 
N 20 26 25 24 
Control 
35-11  
Dry 
Pearson 
Correlation 
.189 .614** 1 .225 
Sig. (2-tailed) .413 .001  .268 
N 21 25 29 26 
Miles 
Creek 
Dry 
Pearson 
Correlation 
-.032 .276 .225 1 
Sig. (2-tailed) .889 .192 .268  
N 21 24 26 27 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
The WWTP data were also separated into seasons and analyzed through 
SPSS Correlation (Appendix A). Significant correlations resulted. The strongest 
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correlation of TN exists for the wet season between Bonn Creek and Control Site 
35-10 with a value of 0.828 and between the two Control Sites (0.608) (Appendix A 
1). There was a weak correlation between the two WWTPs as a pair (0.305). Dry 
season correlation analysis resulted in only one significant correlation, that being 
between the two Control Sites with a value of 0.614 which could further support 
potential impacts from reclaimed irrigation occurring in the dry season (Appendix A 
2). 
 
Rainfall Data for the Study Period. 
The historical period of 1971-2000 data was used to compare monthly 
summary data to each month of the 6-year study period (Table 8 & Figure 19). The 
typical wet season includes the months from June through September, and the dry 
season is from October to May. In addition to monthly mean data, the annual 
average of each year in the study period was also reviewed and compared to the 
annual average for the entire period available (1/1/1892 to 4/30/2012), which is 
51.7 inches per year (SRCC, 2007), (Table 9). According to the variance calculated, 
2010 experienced a substantial rainfall deficit whereas 2011 and 2014 were slightly 
wetter than average. When observing the 6-year period as one study period, 
rainfall amounts for the period were approximately normal with an average of only 
1.32 inches below, which is 2.6% below average. 
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Table 8. Study Period and Historical Mean Monthly Rainfall (USGS, 2016c & SRCC, 
2007) 
Years 
(USGS)  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2009 1.62 0.52 0.78 2.03 9.78 3.16 7.46 8.73 5.99 1.23 2.21 2.62 
2010 2.76 3.03 6.5 2.6 1.24 5.98 3.99* 10.72 3.36 0.01 1.88 0.8 
2011 4.39 0.88 7.61 0.69 2.5 6.09 10.68 12.11 6.59 3.3 1.18 1.09 
2012 1.48 0.5 0.49 2.81 3.53 14.84 5.35 13.04 4.3 3.21 0.21 2.93 
2013 1.04 1.49 0.86 0.78 1.01* 6.36 12.59 8.5 11.55 0.73 1.07 1.27 
2014 3.89 1.94 6.21 1.25 3.53 4.24 5.17 5.31 15.85 3.73 3.96 1.16 
Hist. 
(SRCC) 
 1971-
2000 
2.76 2.87 3.29 1.92 2.80 6.09 6.72 8.26 7.59 2.64 2.04 2.60 
*Data gaps exist for unknown reasons in the first two weeks of July 2010 and almost the 
entire month of May 2013 (USGS, 2016c).  
 
 
 
 
Figure 19. Comparison of Historical and 6-year Study Period Mean Monthly Rainfall 
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Table 9. Average Annual Rainfall for the 6-year Study Period & the Variance from 
Historical Annual Average (SRCC, 2007) 
Average Annual Rainfall (inches) Pinellas Park USGS Station 
2308935 
2009 2010 2011 2012 2013 2014 
46.13 42.87 57.11 52.69 47.25 56.24 
Variance from Annual Average of 51.70 
-5.57 -8.83 5.41 0.99 -4.45 4.54 
 
Total Phosphorous at the Four Monitoring Sites. 
The TP data were also reviewed from the four water quality monitoring sites. 
The two graphs in Figures 20 and 21 show TP data comparison between Bonn Creek 
35-09, within the tertiary treated reclaimed service area, and the two Control Sites 
35-10 and 35-11. Data gaps exist for dates where no samples were collected. 
 
Figure 20. TP in Bonn Creek vs Control Site 35-10 
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Figure 21. TP in Bonn Creek vs Control Site 35-11 
 
Again, TP data for Miles Creek, within the secondary treated reclaimed water 
service area, was compared with TP data for the two control sites, and represented 
in Figures 22 and 23. Note the change in the data range increased to 0.40mg/L.  
 
Figure 22. TP in Miles Creek vs Control Site 35-10 
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Figure 23. TP in Miles Creek vs Control Site 35-11 
 
To further assess the nutrient levels of creeks within reclaimed service areas, 
the TP of Bonn Creek and Miles Creek were compared as well as the inclusion of 
daily rainfall data (Figure 24). For this graph, only the sample dates where data 
existed for both sites was used for direct comparison, while all available data for 
rainfall were used. There are two prominent peaks in rainfall which occurred on 
6/24/12 (7.75”) and 8/21/12 (4.58”) that could possibly correspond to similar 
peaks in TP values in Miles Creek on 5/1/13 (0.39mg/L) and 9/12/13 (0.24mg/L) 
respectively. These are highlighted by two large ovals. Other two closely related 
dates of heavy rainfall occurred on 3/28/11 (3.17”) and 3/31/11 (2.68”) which 
could account for elevated TP values in Bonn Creek on 5/17/11 (0.18mg/L) and 
7/27/11 (0.20mg/L) respectively. These are highlighted by the two smaller ovals. 
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Figure 24. TP in Bonn Creek vs Miles Creek with Rainfall 
 
An additional comparison was included to view the range of data for total 
phosphorous of the two control sites (Figure 25). It was immediately noticed that 
the data range for the Control Sites only reached 0.14mg/L whereas the data range 
for Bonn Creek reached 0.20mg/L, and reached 0.40mg/L for Miles Creek TP data. 
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Figure 25. TP for Control Sites 35-10 and 35-11 
 
Table 10 and Figure 26 summarize the TP data of the four sites. Descriptive 
statistics were generated through SPSS (version 22; IBM, 2013) (Table 10). 
Reviewing previous TP limit of 0.49mg/L for meeting water quality standards, and 
assessing all TP data for the study period, it was concluded that none of the 
monitoring sites in the 6-year period had any sample dates where concentrations 
exceeded the TP limit.  
 
Table 10. TP Difference of Mean for the four study sites 
Creek Name Mean N 
Std. 
Deviation 
Std. Error of 
Mean 
Geometric 
Mean 
Bonn Creek 35-09 .0836 36 .03750 .00625 .0769 
Control 35-10 .0641 44 .02739 .00413 .0578 
Control 35-11 .0696 47 .02742 .00400 .0641 
Miles Creek 35-12 .0958 45 .06727 .01003 .0799 
Total .0780 172 .04475 .00341 .0687 
*SPSS confidence interval = 95% 
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The Box and Whisker Plot in Figure 26 shows all TP data for the four sites. 
Following the same description as the TN box and whisker plot, each box for TP 
encompasses half of the data set. The ‘whiskers’ extending from the box are 
indicative of the minimum and maximum quartile values.  Outliers occurred twice 
for Bonn Creek and once for Miles Creek. Neither of the two Control Sites had any 
outlier points during the 6-year study period. 
 
*FDEP limit for TP is 0.49mg/L 
Figure 26. Box & Whisker Plots of all TP data for the monitoring sites 
 
Seasonality of TP data. The entire TP dataset was separated into wet and 
dry seasons and Pearson correlation values were obtained from SPSS (version 22; 
IBM, 2013). Tables 11 and 12 display all available data by season, site sample 
count, and correlation between the monitoring sites. Like the TN data for the wet 
season, strong positive correlation relationships exist between Bonn Creek and both 
Control Sites and between the two Control Sites. No significant correlation exists 
between Miles Creek and the other three sites.  
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Table 11. Wet Season TP concentration data 
 
Bonn Creek 
Wet 
Control 35-10 
Wet 
Control 35-11 
Wet 
Miles Creek 
Wet 
Bonn 
Creek  
Wet 
Pearson 
Correlation 
1 .751** .842** -.092 
Sig. (2-tailed)  .002 .000 .755 
N 14 14 14 14 
Control 
35-10  
Wet 
Pearson 
Correlation 
.751** 1 .677** .378 
Sig. (2-tailed) .002  .002 .122 
N 14 18 18 18 
Control 
35-11  
Wet 
Pearson 
Correlation 
.842** .677** 1 .326 
Sig. (2-tailed) .000 .002  .187 
N 14 18 18 18 
Miles 
Creek  
Wet 
Pearson 
Correlation 
-.092 .378 .326 1 
Sig. (2-tailed) .755 .122 .187  
N 14 18 18 18 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
The dry season correlation analysis for TP presented two moderate 
relationships. One between Bonn Creek and Control 35-10 (0.573) and another 
moderate relationship between the two Control Sites (0.506). Again, no relationship 
exists between Miles Creek and the other three sites. 
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Table 12. Dry Season TP concentration data 
 
Bonn Creek 
Dry 
Control 35-10 
Dry 
Control 35-11 
Dry 
Miles Creek 
Dry 
Bonn 
Creek  
Dry 
Pearson 
Correlation 
1 .573** .320 .397 
Sig. (2-tailed)  .008 .158 .074 
N 22 20 21 21 
Control 
35-10  
Dry 
Pearson 
Correlation 
.573** 1 .506** .248 
Sig. (2-tailed) .008  .010 .243 
N 20 26 25 24 
 Control 
35-11  
Dry 
Pearson 
Correlation 
.320 .506** 1 -.038 
Sig. (2-tailed) .158 .010  .853 
N 21 25 29 26 
Miles 
Creek  
Dry 
Pearson 
Correlation 
.397 .248 -.038 1 
Sig. (2-tailed) .074 .243 .853  
N 21 24 26 27 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
 
The WWTP data were also separated into seasons for TP (Appendix A). 
significant positive correlations existed for the wet season data between Bonn 
Creek and Control 35-11 (0.842), Bonn Creek and Control 35-10 (0.751), between 
the two Control sites (0.677), and between the WWTPs (0.450) (Appendix A 3). 
Again, as in all previous correlation analyses, no significant correlations exist 
between Miles Creek and any of the other three creeks. For the dry season a 
positive correlation exists between Bonn Creek and Control site 35-10 (0.573) and 
between the two Control Sites (0.506) (Appendix A 4).  
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SPSS (version 22; IBM, 2013) was used to perform a median test to 
determine the middle point of all available TN and TP data for each of the four 
monitoring sites. The resulting Table 13 shows that the medians of TN are not the 
same across the four sites, but that the medians of TP are the same.  
 
Table 13. SPSS Comparison of Medians Test for TN and TP 
Sample Null Hypothesis Test Sig Decision 
1 The medians of TN (mg/L) 
are the same across the 
four sites 
Independent 
Samples – 
Median Test 
.000 Reject the null 
hypothesis 
2 The medians of TP (mg/L) 
are the same across the 
four sites 
Independent 
Samples – 
Median Test 
.611 Retain the null 
hypothesis 
*Asymptotic significances are displayed. The significance level is .05. 
 
SPSS (version 22; IBM, 2013) was used to create a box and whisker plot of 
all available TN (Figure 27) and TP (Figure 28) data for the 6-year period. The 
labels in each chart correspond to the sample number stored in SPSS. The SPSS 
data view is provided in Appendix C.  
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Figure 27. Box & whisker plot for wet & dry season TN data 
 
 
Figure 28. Box & whisker plot for wet & dry season TP data 
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Tables 14, 15, 16, and 17 are the results of the SPSS (version 22; IBM, 
2013) Mann-Whitney U test for two independent variables TN and TP by Creek 
name. The test compares medians and determines which of two datasets has 
higher concentrations overall. If Bonn Creek or Miles Creek has significantly higher 
mean rank values than the Control Sites, an increase in pollutant concentration 
could be attributed to the use of reclaimed irrigation under the assumption that all 
other variables in the watershed are equal (soil type, land use, absence of point 
source discharge to the creeks, rainfall distribution, etc.). In every result from 
Tables 14-17, the Bonn Creek and Miles Creek site values are pointedly higher than 
the Control Site values. Miles Creek mean rank value is almost double that of 
Control 35-10 and Control 35-11 for TN.  
 
 
Table 14. Mann-Whitney U Test Bonn Creek & Control 35-10 
 Creek Name N Mean Rank Sum of Ranks 
Total Nitrogen 
(mg/L) 
BonnCreek35-09 36 54.65 1967.50 
Control35-10 44 28.92 1272.50 
Total 80   
Total Phosphorous 
(mg/L) 
BonnCreek35-09 36 47.40 1706.50 
Control35-10 44 34.85 1533.50 
Total 80   
*SPSS confidence interval = 95% 
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Table 15. Mann-Whitney U Test Bonn Creek & Control 35-11 
 Creek Name N Mean Rank Sum of Ranks 
Total Nitrogen 
(mg/L) 
Bonn35-09 36 53.35 1920.50 
Control35-11 47 33.31 1565.50 
Total 83   
Total Phosphorous 
(mg/L) 
Bonn35-09 36 46.67 1680.00 
Control35-11 47 38.43 1806.00 
Total 83   
*SPSS confidence interval = 95% 
 
Table 16. Mann-Whitney U Test Miles Creek & Control 35-10 
 Creek Name N Mean Rank Sum of Ranks 
Total Nitrogen 
(mg/L) 
Control35-10 44 27.95 1230.00 
MilesCreek35-12 45 61.67 2775.00 
Total 89   
Total Phosphorous 
(mg/L) 
Control35-10 44 38.77 1706.00 
MilesCreek35-12 45 51.09 2299.00 
Total 89   
*SPSS confidence interval = 95% 
 
Table 17. Mann-Whitney U Test Miles Creek & Control 35-11 
 Creek Name N Mean Rank Sum of Ranks 
Total Nitrogen 
(mg/L) 
Control35-11 47 31.97 1502.50 
Miles35-12 45 61.68 2775.50 
Total 92   
Total Phosphorous 
(mg/L) 
Control35-11 47 42.13 1980.00 
Miles35-12 45 51.07 2298.00 
Total 92   
*SPSS confidence interval = 95% 
 
The last SPSS analysis was the nonparametric for independent samples, the 
Mann Whitney U test and the Median test across categories of wet and dry season 
(version 22; IBM, 2013). In Table 18 the first two tests are for TN and the second 
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two are for TP. The first two sample tests in the table below raise the question: 
Why are the medians the same for TN if stormwater runoff is not as prevalent in 
the dry season? One would expect median concentrations, of TN specifically, to vary 
between seasons because of the high mobility of nitrogen in soils. The subsequent 
two sample tests regarding TP are possibly explained by the fact that TP can be 
bound in soil, unlike nitrogen and, regardless of wet season or dry season, the 
watershed can be a source of sediment transport via urban activities including poor 
landscape practices that contribute to erosion, construction sites with lack of dust 
or dirt control, or lack of routine street sweeping throughout the watershed.  
 
Table 18. Comparison of Median Test and Mann-Whitney U Test for TN and TP 
Sample Null Hypothesis Test Sig. Decision 
1 The medians of TN (mg/L) 
are the same across 
categories of Wet Season 
vs Dry Season 
Independent 
Samples- Median 
Test 
.113 Retain the null 
hypothesis 
2 The distribution of TN 
(mg/L) are the same 
across categories of Wet 
Season vs Dry Season 
Independent 
Samples- Mann-
Whitney U Test 
.108 Retain the null 
hypothesis 
3 The medians of TP (mg/L) 
are the same across 
categories of Wet Season 
vs Dry Season 
Independent 
Samples- Median 
Test 
.000 Reject the null 
hypothesis 
4 The distribution of TP 
(mg/L) are the same 
across categories of Wet 
Season vs Dry Season 
Independent 
Samples- Mann-
Whitney U Test 
.000 Reject the null 
hypothesis 
*Asymptotic significances are displayed. The significance level is .05 
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Chapter 7: Discussion 
 
A review of weekly concentrations of total nitrogen and total phosphorous for 
a 6-year period from two different reclaimed water utility providers was completed. 
Concurrently, a review of surface water sites in the same watershed for the same 
6-year period was also completed. The goal of this research project was to 
investigate if there was a relationship between levels of treatment of reclaimed 
water for irrigation use and elevated nutrient levels in receiving waters when 
compared with surface water sites that are outside of reclaimed irrigation service 
areas. Answers to the initial research questions are discussed in this chapter. 
 
Research question #1: 
Is St. Pete discharging higher nutrient concentrations than Pinellas County 
into the reclaimed water distribution system?  
 
The data show the TN and TP concentrations of St. Pete, from January 2009 
through December 2014, were suggestively higher than those of the Pinellas 
County WWTP as illustrated in Figures 10 and 11. The range of TN for Pinellas 
County was 0.81 to 10.20mg/L and the range of TN for St. Pete was 5.23 to 
35.90mg/L. With reference to Badruzzaman et al. (2012) the nutrient 
concentrations being discharged by Pinellas County (0.81-10.20mg/L) are within 
the lower ranges of TN concentrations discharged (0.13-29mg/L) throughout 
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Florida, as described in their 2010 survey of 50 reuse facilities. However, St Pete, 
with discharge concentrations of 5.23-35.90 mg/L, exceeds the max result (29mg/L 
TN) obtained by Badruzzaman’s (2012) research. Similarly, when reviewing the 
range of TP data for this 6-year period, it was found that Pinellas County’s 
concentrations were 0.02 to 1.97mg/L, again at the lower ranges of TP 
concentrations found in Badruzzaman’s (2012) research (0.02-6mg/L), whereas the 
range for St. Pete was 0.56 to 6.12mg/L, exceeding the max result (6mg/L) of the 
2010 survey.  
Referring to the example provided by Martinez et al. (2011), the basic 
equation for determining the amount of nitrogen applied to landscapes by reclaimed 
water was: 
𝑣𝑜𝑙𝑢𝑚𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 (𝑖𝑛𝑐ℎ𝑒𝑠) ∗ 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑖𝑡𝑟𝑜𝑔𝑒𝑛 (
𝑚𝑔
𝐿⁄ ) ∗ 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
= 𝑝𝑜𝑢𝑛𝑑𝑠 𝑝𝑒𝑟 1,000𝑠𝑞𝑓𝑡 𝑜𝑓 𝑛𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 
 
Consider the recommended volume by the University of Florida of ¾ inches (″) per 
watering event (Trenholm & Unruh, 2008), and consider the consensus of 3 days 
irrigation per week one can determine the volume applied (3/4” x 3 days = 2.25” 
per week). Now consider the example was calculating application over the growing 
season. For Pinellas County, the growing season is generally March-October = 35 
weeks. Taking the volume applied per week and multiplying by 35 equates to 
78.75” applied in a typical annual growing season.  
A major assumption is made that watering is non-existent during the 
remainder of the year. It is acknowledged that this assumption is probably 
incorrect, however, the calculation is intended to be conservative to the growing 
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season only. Using 78.75” and the given coefficient, the concentration mean and 
upper limits for each WWTP are inserted below: 
 
𝑃𝑖𝑛𝑒𝑙𝑙𝑎𝑠 𝐶𝑜𝑢𝑛𝑡𝑦 𝑚𝑒𝑎𝑛: 78.75" ∗  2.16𝑚𝑔/𝐿 ∗  0.0052 = 𝟎. 𝟖𝟖𝒍𝒃𝒔 𝑵 𝒑𝒆𝒓 𝟏, 𝟎𝟎𝟎𝒔𝒒𝒇𝒕 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 
𝑃𝑖𝑛𝑒𝑙𝑙𝑎𝑠 𝐶𝑜𝑢𝑛𝑡𝑦 𝑢𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡: 78.75" ∗ 3.52𝑚𝑔/𝐿 ∗ 0.0052 = 𝟏. 𝟒𝟒𝒍𝒃𝒔 𝒑𝒆𝒓 𝟏, 𝟎𝟎𝟎𝒔𝒒𝒇𝒕 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 
𝑆𝑡 𝑃𝑒𝑡𝑒 𝑚𝑒𝑎𝑛: 78.75" ∗ 18.6𝑚𝑔/𝐿 ∗ 0.0052 = 𝟕. 𝟔𝟐𝒍𝒃𝒔 𝒑𝒆𝒓 𝟏, 𝟎𝟎𝟎𝒔𝒒𝒇𝒕 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 
𝑆𝑡 𝑃𝑒𝑡𝑒 𝑢𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡: 78.75" ∗ 33.2𝑚𝑔/𝐿 ∗ 0.0052 = 𝟏𝟑. 𝟔𝟎𝒍𝒃𝒔 𝒑𝒆𝒓 𝟏, 𝟎𝟎𝟎𝒔𝒒𝒇𝒕 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 
 
These results clearly indicate the excessive amount of nitrogen that can be applied 
to a single property in the St. Pete service area as compared to areas receiving 
tertiary treated reclaimed water. The annual limits of recommendation for St. 
Augustine (Stenotaphrum secundatum), the most common grass type, is 4-5lbs of 
N (Trenholm & Unruh, 2008). Annual limit recommendations for Bahia (Paspalum 
notatum) and Zoysia (Zoysia spp.) grasses are less than St. Augustine grass. More 
importantly, the Pinellas County fertilizer ordinance limits application of N to 4lbs 
per 1,000sqft per year. This calculation only provided for irrigation three days a 
week from March to October and did not include any additional irrigation that may 
be applied from November to February. It is also important to note that this also 
does not include any additional fertilizer that property owners may be applying 
throughout the year. 
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Research question #2: 
Are the nutrient levels in Miles Creek, the receiving creek for St. Pete, higher 
than required standards, and if so, to what extent?  
 
For the 6-year sample period, a total of 45 samples were collected in Miles 
Creek. Appendix B details the water quality sampling results for Miles Creek. The 
mean TN concentration of Miles Creek for the study period was 1.08mg/L. Of the 45 
samples, the limit of 1.65mg/L was exceeded twice during the 6-year study period. 
The water quality standards require exceedance to occur no more than once in a 
three calendar year period and the two exceedances on Miles Creek occurred within 
2 calendar years: on 6/18/09 the TN reading was 1.98mg/L, and on 3/17/11 the 
reading was 3.52mg/L. Figure 18 graphically represents TN data through box and 
whisker plots, and showed Miles Creek having the greatest distribution, greatest 
data range, and highest outlier point (3.52mg/L) of all the TN readings for the four 
monitoring creeks. One other sample date, 5/19/09, was near the limit, at a 
reading of 1.61mg/L TN.  
The mean TP concentration of Miles Creek for the 6-year period was 0.096. 
Of the 45 samples, not one was above the standards of 0.49mg/L of TP, the highest 
reading being 0.39mg/L for the entire study period. Figure 26 graphically 
represents TP data through box and whisker plots, and the data distribution and 
range were the greatest for Miles Creek.  
A review of dates of nutrient exceedance was completed to see if there was 
relevant seasonality or additional information in the field data sheets for possible 
explanation. There was no relation to wet or dry season. The TN data point of 
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1.61mg/L was collected on 5/19/09 after 5 days of significant rainfall totaling 5.72” 
recorded at the USGS station (Appendix D 1). The reading of 1.98mg/L was 
collected on 6/18/09 where no measurable rainfall had been recorded on the USGS 
station since 6/6/09 (Appendix D 1). Field sheet comments did not provide any 
additional information as to the high nitrogen reading. Lastly, the reading of 
3.52mg/L of TN that occurred on 3/17/11 was coded as a normal distribution 
outlier. Thus upon review of the rainfall data, it was determined that the USGS 
rainfall station had been recording normally and rainfall had not occurred for 7 days 
at that location (Appendix D 3). The field data sheet for 3/17/11 indicated 
“irrigation of bank upstream” at the time the sample was collected.  
 
Research question #3: 
Are the nutrient levels in Bonn Creek, the receiving creek for Pinellas County, 
higher than required standards, and if so, to what extent?  
 
For the 6-year sample period, a total of 36 samples were collected in Bonn 
Creek. The mean TN concentration was 0.92mg/L and the mean TP concentration 
was 0.084mg/L as presented in Tables 5 and 10, respectively. Of the 36 samples, 
only one was above the required standards for TN, which is allowable under water 
quality standards because the requirements are that no more than one sample date 
exceed 1.65mg/L in three calendar years. Not one of the samples was found above 
the required standard of 0.49mg/L for TP; the highest reading was 0.20mg/L for 
the entire study period. Appendix B details the water quality sampling results for 
Bonn Creek.  
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Investigation into a possible explanation for the one exceedance of TN 
included review of the field data sheet and the USGS station data. The TN 
exceedance reading of 1.91mg/L on 8/1/12 cannot be corroborated between the 
two investigative resources. Per the USGS station, the sample site did not coincide 
with a rain event; in fact, the USGS station had not recorded rainfall since 7/24/12, 
and the amount recorded was only 0.09 inches (Appendix D 4). It is possible that 
rainfall did not occur at the USGS station on the main channel of Joe’s Creek but 
rainfall did occur at the Bonn Creek sample site. The field data sheet presents 
different information about the 8/1/12 sample date (Appendix B). The comments 
were “turbid, first flush from eastern canal, low flow from main channel, heavy 
organic debris, water level increasing during collection, dense dark brown and black 
particles,” which provides evidence that the high nitrogen value may be attributed 
to stormwater runoff and not to reclaimed water. 
 
Research question #4: 
Are the nutrient levels in Miles Creek higher than the nutrient levels in Bonn 
Creek for the same sampling days?  
 
The data revealed that the TN and TP in Miles Creek were higher than that of 
Bonn Creek on multiple sampling days. Appendix B contains the water quality data 
for both creeks. There were 35 dates during the 6-year period where samples were 
collected at both Miles Creek and Bonn Creek. Upon direct comparison of these 35 
matching sample dates, there were 19 dates where TN concentrations were higher 
in Miles Creek than Bonn Creek (Figure 16); and there were 14 dates where TP 
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concentrations were higher in Miles Creek than Bonn Creek (Figure 24). Looking at 
seasonality, Miles Creek points were above Bonn Creek on 13 dates for TN during 
the wet season and six during the dry season; and on 10 dates for TP during the 
wet season and four during the dry season (Appendix B). There was no relationship 
observed between concentrations and rainfall. 
 
Research question #5: 
Are the Control Sites on Joe’s Creek, outside of reclaimed water service 
areas, measurably lower in nutrient levels for the same time period when 
compared with the Miles Creek and Bonn Creek sites?  
 
The data show that the Control sites are measurably lower in nutrient levels 
than the two creeks that are in the reclaimed water service areas. In Figures 12 
and 13 one can conservatively count 32 and 23 occasions, respectively, in the data 
comparisons for Bonn Creek & the Control Sites, where Bonn Creek TN values were 
higher. In Figures 14 and 15, TN for Miles Creek versus both Control Sites, one can 
conservatively count 37 and 36 occasions, respectively, where Miles Creek data 
points were higher than the control sites. The upper range of datum for Miles and 
Bonn Creeks samples was 3.52mg/L and 2.50mg/L respectively; whereas, the two 
Control Sites’ upper range of datum was only 1.20mg/L (Figure 17). The control 
sites never exceeded the maximum of 1.65mg/L of TN during the 6-year study 
period. The maximum reading for Control site 35-10 was 1.02mg/L and the 
maximum for Control site 35-11 was 1.08mg/L.  Figure 17 is the TN box & whisker 
plot which clearly illustrated Control Sites measurably lower in TN.  
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When the data were separated into wet and dry seasons, the TN in the dry 
season showed differences between the sites in reclaimed service areas and the two 
control sites. The mean TN in the dry season for the Control Sites was 0.64 and 
0.73mg/L, respectively, whereas the mean for Bonn Creek was 0.90mg/L and for 
Miles Creek was 1.02mg/L (Table 7). In the wet season, similar differences were 
noted. The Control Sites both had mean TN in the wet season of 0.70mg/L, 
whereas Bonn Creek had a mean of 0.96mg/L and Miles Creek was 1.16mg/L 
(Table 6).  
The elevated levels of TN during the wet season could also be attributed to 
stormwater runoff in the respective drainage sub-basins. Stormwater runoff could 
include nitrogen sources from improper reclaimed water practices (lack of rain-
shut-off-devices on automated irrigation systems), from improper fertilizer 
application practices (some believe fertilizer is watered into turf by rainfall despite 
studies that prove otherwise (SWFWMD, 2015c)), and from other nitrogen sources 
(wildlife, roof runoff, neglected pet waste, etc.).  
Figures 20 and 21 display TP data for Bonn Creek versus the Control Sites 
and Figures 22 and 23 are for Miles Creek versus the Control Sites. The upper 
range of TP required to incorporate Miles Creek is 0.40mg/L, whereas in Figure 25, 
which compares TP data at both Control sites, the upper range is only 0.14mg/L. 
The control sites never exceeded the maximum of 0.49mg/L of TP during the 6-
year study period, and the maximum for both Control Sites was 0.12mg/L.  
The seasonal differences for TP were not as noteworthy, but the values at the 
control sites were both lower than the sites in reclaimed areas. Dry season means 
for Bonn Creek, Control Site 35-10, Control Site 35-11, and Miles Creek were 0.07, 
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0.06, 0.06, and 0.08mg/L respectively (Table 12). The TP wet season mean results 
were: Bonn Creek was 0.10mg/L, Control Site 35-10 was 0.07mg/L, Control Site 
35-11 was 0.08mg/L, and Miles Creek was 0.12mg/L (Table 11).  
 
Research question #6: 
How does rainfall in the watershed factor in to the nutrient levels in the four 
monitoring sites? 
 
Rainfall is a source of nitrogen and phosphorous to surface waters; however, 
direct nutrient contribution from rainfall occurs in the limited areas where rain falls 
directly on the surface of the waterbody (USGS, 2016a; USGS, 2016b). In urban 
areas, it is important to mention that much of the nutrients entering surface waters 
are through stormwater runoff (USGS, 2016b). Figure 29 shows the watershed only 
comprises about 5% of land use as parks, open land, waterways etc. indicating 
limited possibility for direct nutrient contribution from rainfall, and therefore the 
remainder of the land use categories (~95%) may be sources of nutrients via 
stormwater runoff. 
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Figure 29. Land Use Categories & Percentages for Joe’s Creek Watershed Basin 
(derived from Land Use Map Figure 7 above) 
 
During the 6-year period, rainfall measured at USGS station within the Joe’s 
Creek watershed appears to have been almost normal. Substantially higher than 
normal rainfall occurred during 2011, but also a deficit occurred during 2009-2010. 
For the study period the average was 50.41 inches which is 2.6% less than the 
normal of 51.7 inches. A closer look was taken at Figures 12 through 15 because of 
the rainfall deficit during 2009-2010 and the excess rainfall in 2011. It was found 
that in the data comparing Bonn Creek to the two control sites (Figure 12 -13), 
there were pointedly more instances of higher readings of TN concentration in Bonn 
Creek than the control sites for 2009-2010 during the rainfall deficit, and a leveling 
off of equal TN concentrations for 2011 during heavy rainfall. Similar but more 
pronounced observations existed upon review of the data (Figures 14 and 15) 
comparing Miles Creek to the two control sites. TN concentrations were more 
elevated in Miles Creek and Bonn Creek during rainfall deficits, thus supporting an 
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explanation of elevated TN concentrations attributed to reclaimed irrigation in these 
areas. 
As presented in the literature review, the EMC for total nitrogen in Florida 
stormwater runoff, for single family residential land use, is 1.87mg/L, and for multi-
family residential land use is 2.10mg/L (Harper, 2011). The limit for TN in surface 
water is 1.65mg/L TN. A comparison of these values was completed to determine 
where each WWTP would rank in Harper’s (2007) characterization of reclaimed 
water as compared to urban runoff concentrations. Harper (2007) stated that TN is 
2-15 times higher in reclaimed than in stormwater runoff.  
Upon review of the samples from the tertiary treated WWTP, during the 6-
year period, most sample TN concentrations were at or below 3.52mg/L. This is two 
times higher than the EMC for stormwater runoff from residential land use and 
supports Harper’s (2007) statement. Figure 30 depicts the TN concentrations in 
reclaimed water from the two utilities during the study period. Upon review of the 
samples from the secondary treated WWTP, during the same period, most sample 
TN concentrations were between 15-23mg/L with some samples as high as 33mg/L 
(excluding outliers). The concentration of 23mg/L is 11½ times higher than the 
EMC of TN for stormwater runoff.  
 
79 
 
 
Figure 30. TN concentrations in reclaimed water during the study period 
 
Harper (2007) stated that TP in reclaimed water is 2-60 times higher than 
that of stormwater runoff. The EMC for total phosphorous for single family 
residential land use is 0.301mg/L and for multi-family residential land use is 
0.497mg/L. The limit for TP in surface waters is 0.49mg/L TP. Most samples from 
the tertiary treated WWTP, during the 6-year period, were concentrations below 
0.62mg/L of TP with several that were between 0.7-1.32mg/L (upper limit 
excluding outliers) (Figure 31). The mean concentration of 0.43mg/L is about equal 
to the EMC midpoint for both residence types of 0.399mg/L; however, the upper 
limit of 1.32mg/L is more than three times higher than the EMC for TP in 
stormwater runoff. Most samples from the secondary treated WWTP were 
concentrations below 2.17mg/L of TP, with several up to the limit of 3.16mg/L 
(excluding outliers) (Figure 31). The mean concentration of 1.88mg/L would be 
almost five times that of the EMC for TP in stormwater runoff. The upper limit of 
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3.16mg/L is eight times higher than that of the typical stormwater runoff 
concentration (Figure 31).  
These findings are important when comparing the effects of rainfall and 
stormwater runoff to that of potential runoff/leaching from improper reclaimed 
irrigation practices because they show that there is a potential nutrient pollution 
source that can be attributed to reclaimed water.  
 
 
Figure 31. TP concentrations in reclaimed water during study period 
 
 Some limitations of this research are noted. There is a difference in sample 
numbers between the sites. There are fewer sample dates on both sites in the 
reclaimed service areas which could explain the higher values. An equal number of 
sample dates could result in higher or lower mean concentrations for the sites. This 
research does not incorporate nutrient loading data which is principal to the overall 
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assessment of water quality impairment and addressing nutrient reductions. Only 
one point-pollution source was identified which was known to be downstream of the 
study area; this may not be the only point-pollution source in the watershed. While 
this research focused on potential nutrient sources of pollution from reclaimed 
water use, this research is not a full account of nutrient sources. Other possible 
sources include but are not limited to atmospheric deposition from fossil burning 
and car exhaust from urban congestion, nutrient cycling through abiotic and biotic 
processes, and this research does not include a complete accounting of rainfall and 
the associated relationship to nutrients in stormwater runoff.  
The impact of large storm events, separate from normal rainfall, on the 
quality of water resources must also be considered. There are sometimes multiple 
events each year that are considered storm events, i.e. tropical systems, tropical 
storms, and hurricanes. These storm events generally result in overwhelmed 
sanitary sewer systems, which overflow and cause tens of thousands and even 
hundreds of thousands of gallons of untreated or partially treated wastewater to be 
directly discharged to surface waters, or which cause sanitary sewer overflows 
where sewage flows out of manhole covers (Frago, 2015; Frago, 2016; Frago & 
Varn, 2016). The sewer infrastructure in Pinellas County, its municipalities, and 
throughout the state of Florida is aged and in many places, outdated or beyond 
critical replacement timeframes (Fleshler & Williams, 2012; Krueger, 2014; 
Sampson, 2014; University of South Florida, 2016). Research, policy change, and 
funding sources are needed to address the impacts of these situations on nutrient 
concentrations, in addition to addressing reclaimed water use as a potential nutrient 
source impacting water resources.  
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Chapter 8: Conclusion & Recommendations 
Summary of Research Results 
This research has analyzed total nitrogen and total phosphorous 
concentrations in reclaimed water from two WWTPs and in surface water quality 
samples in a 6-year period. It was expected that considerable differences in 
nutrient concentrations would exist between the two WWTP discharge 
concentrations. Based on the results of comparisons and statistical analyses of the 
6-year period, the total nitrogen and total phosphorous concentrations of reclaimed 
water from the City of St. Pete WWTP exceeded those of the advanced WWTP of 
Pinellas County (Figures 30, and 31). The TN concentration in the reclaimed effluent 
from St. Pete was nine times higher than that of Pinellas County (Figure 10). The 
TP concentration was almost five times higher at St. Pete than Pinellas County 
(Figure 11). 
It was expected that the sites within reclaimed service areas would have 
higher concentrations of total nitrogen and total phosphorous when compared to 
the control sites for the same period. The null hypothesis was that using reclaimed 
water for irrigation has no impact on nutrient levels in waterbodies that receive 
runoff from these systems. It was assumed that because of elevated nutrient 
concentrations in reuse water, combined with the literature review consensus of the 
general practice of overwatering, that an elevated nutrient concentration would be 
observed in the receiving waters where reclaimed irrigation was used. The research 
results supported this expectation (Tables 5, 10, and 13-18, as well as Figures 12-
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18, and 20-28). Miles Creek and Bonn Creek had nutrient concentrations above 
those of Control Sites 35-10 and 35-11; therefore, the null hypothesis was 
rejected.  
It was also anticipated that the highest nutrient levels would be found at the 
Miles Creek site (35-12), impacted by the secondary treatment level of the City of 
St. Petersburg WWTP reuse water; and that the second highest levels would be 
found at the Bonn Creek site (35-09). The experimental hypothesis was that 
secondary treated reuse water for irrigation would result in higher nutrient 
concentration values in basin tributaries than those of tertiary treated reuse 
irrigation area tributaries. Research results supported this hypothesis (Figures 16, 
18, 24, and 26, along with Tables 13 and 18) showing elevated levels of total 
nitrogen and total phosphorous in Miles Creek over Bonn Creek and the hypothesis 
was accepted. The second experimental hypothesis was that both Miles Creek and 
Bonn Creek would have higher nutrient concentration values than either of the 
Control Sites located on Joe’s Creek that are not in a reclaimed service area. This 
was accepted with the same explanation for rejecting the null hypothesis above. 
There is a weight of evidence considering this small watershed, where four 
monitoring sites were studied, that there is spatial consistency among land use 
categories, soil type, rainfall, and lack of point source discharges. Thus, the data in 
this thesis study shows there is an impact from reclaimed irrigation on receiving 
waterbody nutrient concentrations. More specifically, the highest surface water 
concentrations of total nitrogen and total phosphorous were found at Miles Creek 
where the monitoring site is within the service area of secondary treated reclaimed 
water, with limited watering restrictions / limited enforcement programs. Secondly, 
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the monitoring site within the tertiary treated reclaimed water service area was also 
shown to have higher TN and TP than the two Control Sites which are outside of 
reclaimed service areas. 
Recommendations 
The research summary presented above shows notable differences between 
the monitoring sites with reclaimed service areas and the monitoring sites in the 
control areas. There is a great potential for sources of nutrient pollution through 
un-metered and unregulated reclaimed irrigation use, and a greater potential for 
nutrient pollution from combined fertilizer application with reclaimed irrigation. 
Although this research did not address fertilizer application in combination with 
reclaimed irrigation, investigation is strongly recommended for this watershed or 
other watersheds with nutrient impaired water resources. Additional interest 
includes future research of related behavioral marketing and community surveys 
regarding irrigation practices. 
Ongoing public education regarding landscape maintenance and local 
watershed hydrology is critical and necessary. Many permanent and seasonal 
residents have moved to Florida from other states and countries where the 
irrigation source water is different, the soil type is different, and the understanding 
of Florida geography and hydrology is limited. Education programs should connect 
land activities to water quality. Important water conservation topics are irrigation 
frequency and duration, and rainfall impacts. The goals of nutrient pollution 
reduction must include education regarding fertilizer management when irrigating 
with reclaimed water. Once people receive education regarding water quality and 
their personal potential impact on water quality, they could be more inclined to 
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consider behavior change. This subject has been investigated through focus groups 
and social marketing projects (Salter-Mitchell, 2009; Souto & Marshall, 2007). 
Education must extend to single family homes, high density residence properties 
(apartments, townhomes, and condominiums) as well as property management 
companies.  
Watering restrictions should exist for conservation of water resources and 
consideration should include setting maximum watering days per week based on 
the nutrient concentrations in the reuse water. Restrictions should consider 
research published by the University of Florida Institute of Food and Agricultural 
Sciences, which indicate annual limit of nutrients for healthy landscapes with 
maximum uptake amounts. If restrictive policies are enacted, enforcement 
programs should also be implemented. As mentioned previously, policies are only 
as effective as their enforcement programs. Challenges exist for local governments 
and wastewater utilities to implement watering restrictions, enforcement programs, 
and price increases. It is suggested that price sensitivity analyses be completed 
during consideration of these recommendations. There is a cost associated with 
implementing enforcement programs but again, there also exist costs associated 
with restoration activities for impaired waters, these two must be considered and 
weighted accordingly. 
Reminders of pollution prevention initiatives and active enforcement of 
watering restrictions would help to prevent overuse of reclaimed water and over 
application of nutrients to landscapes, which combined will lead to greater water 
resource protection and assist watershed managers in meeting nutrient reduction 
requirements. With effective programs, taxpayer dollars can also be saved, as it is 
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taxpayer dollars that fund water quality restoration projects and that pay for 
watershed management plans required by TMDLs to address stormwater runoff and 
pollution prevention activities.  
Because Pinellas County Utilities is already treating to advanced tertiary 
level, and already has watering restrictions in place for reclaimed irrigation, the 
primary recommendation would be to increase enforcement by allocating resources 
to staff time and positions to more effectively implement the existing watering 
restrictions. A secondary recommendation is to expand education outreach of 
consumers of reuse water including potential impacts of combined fertilizer 
application. Concurrently with improved enforcement mechanisms, it is highly 
recommended that education programs be reinstated through the South Cross 
Bayou WWTP facility. These programs should not only educate youth field trip 
visitors, but also promote adult education and nutrient reduction goals through 
social media and other direct marketing techniques in support of water 
conservation and nutrient pollution prevention. 
The initial recommendation for the City of St Petersburg is to increase the 
level of treatment on the WWTP to reduce the concentrations of TN and TP. Daily 
discharge of residential reclaimed water is 6.5mgd plus 8.89mgd that is used on 
commercial properties, golf courses, city parks, and roadway medians. Throughout 
the City and impacting local shared water resources, over 15 million gallons per day 
of the high nutrient concentration reclaimed water is used for irrigation. A second 
recommendation is to increase the price of reclaimed water use as suggested by 
Marks (2006) in order to curtail over-use while pursuing enhanced treatment 
technologies. Prior to increasing cost to consumers, it is recommended to the utility 
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to complete a price sensitivity analysis to investigate the feasibility of successful 
implementation of a price increase. Policy recommendations for the City of St. 
Petersburg are to enact stricter watering restrictions for reclaimed water, and to 
implement an effective education and effective water restriction enforcement 
programs.  
 
Future Research 
In addition to the recommendations made above regarding further research 
into combined nutrient application through reclaimed water and fertilizer 
application, it is suggested that further research be conducted which builds on that 
from Meneses et al. (2010). They sought to determine potential technical 
improvements to wastewater treatment to further protect surface waters from 
nutrient pollution. They assessed the environmental advantages and challenges of 
reusing wastewater for non-potable applications in urban environments. The 
authors used Life Cycle Analysis methodology to review three disinfection processes 
of tertiary wastewater treatment and their applications. Considering the nitrogen 
content variability, a sensitivity analysis was done to evaluate the eutrophication 
potential for the three disinfection technologies. It was determined that the 
eutrophication potential was lowest with UV disinfection, 50% lower than that of 
Ozonation or Ozonation + Hydrogen peroxide. Meneses et al. (2010) concluded that 
effective tertiary treatment technologies are needed if reclaimed water is to be used 
safely, and that UV disinfection was the most effective for the various impact 
categories analyzed.  
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Another recommendation, as introduced by Schmidt, Waller, Oppenheimer, 
Badruzzaman, Pinzon, & Jacangelo (2012), is to provide further research into 
constituent markers to identify reclaimed water from septic tank leachate or 
stormwater runoff. There is much uncertainty in recognizing specific nutrient 
sources. In order to address TMDLs, nutrient issues could be attributed to reclaimed 
water, septic leachate, sanitary sewer overflows, fertilizer application, homeless 
populations, and wildlife. Oppenheimer (Oppenheimer et al., 2015) is a leading 
researcher in the effort to distinguish reclaimed constituent markers from that of 
septic or other sources. Currently a study is underway in southwest Florida, working 
with the City of Naples Reclamation Facility, sampling effluent for constituent 
markers (Oppenheimer, Jacangelo, Cherchi, Waller, Schwab, 2015). Further 
research could include successfully identifying the constituent nutrient markers 
within the Joe’s Creek Watershed. 
The need for using the treated reuse water instead of potable sources is 
understood. It is also understood there is a cost savings to avoid direct surface 
water discharge; however, without proper customer education, implementation of 
reasonable restrictions, and enforcement of those restrictions, the nonpoint source 
nutrient pollution issue in Joe’s Creek Watershed and multiple other watersheds 
within reclaimed water service areas will continue to be a great challenge for 
watershed managers. The outcomes of this study will assist watershed managers in 
identifying sources of nutrient pollution, addressing nutrient reduction goals, 
presenting potential projects for water quality improvement in reclaimed water, and 
suggesting policy recommendations. The utility providers, watershed managers, as 
well as tax paying citizens, are important stakeholders in this management issue.  
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Appendix A: Seasonal Correlations with WWTPs Included 
Appendix A 1. Wet Season TN concentration data includes WWTPs 
 
Bonn 
Creek 
Control 
35-10 
Control 
35-11 
Miles 
Creek 
Secondary 
Treatment 
Tertiary 
Treatment 
Bonn 
Creek 
Pearson 
Correlation 1 .828
** .524 .186 -.331 -.252 
Sig. (2-
tailed) 
 .000 .054 .524 .248 .384 
N 14 14 14 14 14 14 
Control  
35-10 
Pearson 
Correlation .828
** 1 .608** .289 -.184 -.167 
Sig. (2-
tailed) 
.000  .007 .245 .464 .508 
N 14 18 18 18 18 18 
Control 
35-11 
Pearson 
Correlation .524 .608
** 1 .417 -.335 -.234 
Sig. (2-
tailed) 
.054 .007  .085 .174 .350 
N 14 18 18 18 18 18 
Miles 
Creek  
Pearson 
Correlation .186 .289 .417 1 .043 -.127 
Sig. (2-
tailed) 
.524 .245 .085  .864 .617 
N 14 18 18 18 18 18 
Secondary 
Treatment 
Pearson 
Correlation -.331 -.184 -.335 .043 1 .305
** 
Sig. (2-
tailed) 
.248 .464 .174 .864  .002 
N 14 18 18 18 103 103 
Tertiary 
Treatment 
Pearson 
Correlation -.252 -.167 -.234 -.127 .305
** 1 
Sig. (2-
tailed) 
.384 .508 .350 .617 .002  
N 14 18 18 18 103 104 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix A 2. Dry Season TN Concentration Includes WWTPs 
 
Bonn 
Creek 
Control 
35-10 
Control 
35-11 Miles Creek 
Secondary 
Treatment 
Tertiary 
Treatment 
Bonn 
Creek 
Pearson 
Correlation 1 .273 .189 -.032 -.074 .032 
Sig. (2-
tailed) 
 .245 .413 .889 .743 .889 
N 22 20 21 21 22 22 
Control 
35-10  
Pearson 
Correlation .273 1 .614** .276 .015 -.373 
Sig. (2-
tailed) 
.245  .001 .192 .944 .061 
N 20 26 25 24 26 26 
Control 
35-11 
Pearson 
Correlation .189 .614** 1 .225 -.161 .059 
Sig. (2-
tailed) 
.413 .001  .268 .404 .762 
N 21 25 29 26 29 29 
Miles 
Creek 
Pearson 
Correlation -.032 .276 .225 1 -.220 -.130 
Sig. (2-
tailed) 
.889 .192 .268  .271 .518 
N 21 24 26 27 27 27 
Secondary 
Treatment 
Pearson 
Correlation -.074 .015 -.161 -.220 1 .080 
Sig. (2-
tailed) 
.743 .944 .404 .271  .254 
N 22 26 29 27 208 206 
Tertiary 
Treatment 
Pearson 
Correlation .032 -.373 .059 -.130 .080 1 
Sig. (2-
tailed) 
.889 .061 .762 .518 .254  
N 22 26 29 27 206 206 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix A 3. Wet Season TP concentration data includes WWTPs 
 
Bonn 
Creek 
Control  
35-10 
Control 
35-11 
Miles 
Creek 
Secondary 
Treatment 
Tertiary 
Treatment 
Bonn 
Creek 
Pearson 
Correlation 1 .751
** .842** -.092 .478 -.162 
Sig. (2-
tailed) 
 .002 .000 .755 .084 .579 
N 14 14 14 14 14 14 
Control  
35-10 
Pearson 
Correlation .751
** 1 .677** .378 .067 .012 
Sig. (2-
tailed) 
.002  .002 .122 .791 .963 
N 14 18 18 18 18 18 
Control  
35-11 
Pearson 
Correlation .842
** .677** 1 .326 .273 -.213 
Sig. (2-
tailed) 
.000 .002  .187 .273 .397 
N 14 18 18 18 18 18 
Miles 
Creek 
Pearson 
Correlation -.092 .378 .326 1 .032 -.095 
Sig. (2-
tailed) 
.755 .122 .187  .898 .708 
N 14 18 18 18 18 18 
Secondary 
Treatment 
Pearson 
Correlation .478 .067 .273 .032 1 .450
** 
Sig. (2-
tailed) 
.084 .791 .273 .898  .000 
N 14 18 18 18 104 104 
Tertiary 
Treatment 
Pearson 
Correlation -.162 .012 -.213 -.095 .450
** 1 
Sig. (2-
tailed) 
.579 .963 .397 .708 .000  
N 14 18 18 18 104 104 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix A 4. Dry Season TP concentration data includes WWTPs 
 
Bonn 
Creek 
Control 
35-10 
Control 
35-11 
Miles 
Creek 
Secondary 
Treatment 
Tertiary 
Treatment 
Bonn Creek Pearson 
Correlation 
1 .573** .320 .397 -.151 .110 
Sig. (2-tailed)  .008 .158 .074 .502 .625 
N 22 20 21 21 22 22 
Control  
35-10 
Pearson 
Correlation 
.573** 1 .506** .248 -.088 .156 
Sig. (2-tailed) .008  .010 .243 .668 .447 
N 20 26 25 24 26 26 
Control  
35-11 
Pearson 
Correlation 
.320 .506** 1 -.038 -.040 .000 
Sig. (2-tailed) .158 .010  .853 .837 .999 
N 21 25 29 26 29 29 
Miles Creek Pearson 
Correlation 
.397 .248 -.038 1 -.133 -.072 
Sig. (2-tailed) .074 .243 .853  .507 .723 
N 21 24 26 27 27 27 
Secondary 
Treatment 
Pearson 
Correlation 
-.151 -.088 -.040 -.133 1 -.019 
Sig. (2-tailed) .502 .668 .837 .507  .784 
N 22 26 29 27 206 206 
Tertiary 
Treatment 
Pearson 
Correlation 
.110 .156 .000 -.072 -.019 1 
Sig. (2-tailed) .625 .447 .999 .723 .784  
N 22 26 29 27 206 206 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix B: Water Quality Data of Four Monitoring Sites for 6-Year Period  
Water Quality Data for Bonn Creek (35-09), Control (35-10), Control (35-11), and Miles Creek (35-12) 
Site Sample Year Period Date Time 
Rain 
24/48 
TP 
(mg/L) 
TN 
(mg/L) Result Comments 
35 09 09 01 1/27/2009 10:59 N 0.10 0.91 
turbidity boom upstream, copepods 
and leeches, leaf debris on surface 
35 09 09 02 4/8/2009 12:14 Y 0.06 0.78 
low turbidity, brown, bass fish 
present 
35 09 09 03 5/19/2009 11:34 Y 0.06 0.81 
lots of suspended particles, moderate 
turbidity, pondweed and mass 
vegetation 
35 09 09 04 6/18/2009 9:34   0.09 1.07 
mosquito fish, organic material, low 
turbidity, tilapia, turbidity boom at 
inflow structure 
35 09 09 05 7/21/2009 10:09 Y 0.07 0.74 
gambusia sp, foam from inflow creek, 
low turbidity, tanic, organic material, 
spatterdock 
35 09 09 06 9/21/2009 12:20 Y 0.09 1.12 
foam, good flow, grass clippings on 
surface, turbid 
35 09 09 07 11/9/2009 11:05   0.05 0.86 
low turbidity, vegetation debris, 
mowed banks, feces on banks, geese 
upstream, yellow 
35 09 09 08 12/9/2009 15:11 Y 0.10 1.62 
moderate turbidity, easily suspended 
bottom sediments, good flow 
35 09 10 01 2/11/2010 12:03 Y 0.04 1.08 
leaf debris, lillies upstream, moderate 
flow, moderate turbidity, geese, foam 
and surface debris 
35 09 10 02 4/12/2010 13:23 Y 0.06 0.78 
spatterdock, lillies, lettuce, yellow 
brown, monitor lizard, moderate 
turbidity, slow flow, duck 
35 09 10 03 5/11/2010 12:31 N 0.07 0.67 
low turbidity, nuphar sp, nymphaea 
sp, dragonflies 
100 
 
35 09 10 04 6/22/2010 14:17 Y 0.10 0.74 
turbid, lilies, fish, ducks, brown, tree 
debris 
35 09 10 05 8/4/2010 10:39 Y 0.09 0.84 
strong flow, brown yellow, turbid, 
small fish, storm flow debris down 
stream - shopping cart, roof material, 
vegetation debris 
35 09 11 01 2/8/2011 11:59 Y 0.05 0.78 
low turbidity, heavy bottom 
vegetation, spatterdock, geese 
35 09 11 02 3/17/2011 11:16 N 0.09 0.74 spatterdock, light brown particles 
35 09 11 03 5/17/2011 11:55 Y 0.18 0.91 
J=matrix spike recovery exceeded QC 
limits; taro, nuphar sp, tree debris, 
leaf litter 
35 09 11 05 7/27/2011 13:52 Y 0.20 0.84 
!=normal distribution data outlier; 
first flush, leaf organic debris, heavy 
emergent vegetation altering flow, 
waterfowl, moderate precipitation 
35 09 11 06 9/20/2011 11:08 N 0.14 1.08 
low turbidity, leaf debris, surface 
particles, dense waterlily, fish, 
concrete banks, strong flow on 
southern edge 
35 09 11 07 11/2/2011 10:25 N 0.07 0.64 
spatterdock island, bird feathers, 
floating organics, trash, bacopa sp 
35 09 11 08 12/20/2011 13:32 N 0.08 1.24 spatterdock, leaf litter, green brown 
35 09 12 05 8/1/2012 12:33 Y 0.15 1.91 
turbid, first flush from eastern canal, 
low flow from main channel, heavy 
organic debris, level increasing 
during collection, dense dark brown 
and black particles 
35 09 12 06 9/13/2012 13:35 N 0.05 0.93 
flow from 58th St channel, dense 
vegetation debris, fish, moderate 
turbidity, low turbidity, spatterdock 
35 09 12 07 11/5/2012 10:42 N 0.04 0.85 
floating debris, dense algae, trash, 
low turbidity 
35 09 12 08 12/6/2012 12:23 N 0.06 0.78 
yellow brown, dense leaf litter, 
bacopa sp. 
35 09 13 01 2/7/2013 13:30 N 0.05 0.88 
nuphar sp, yellow brown, moderate 
turbidity, low flow, dense vegetation 
detritus, dense surface vegetation 
debris upstream, suspected incoming 
tide 
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35 09 13 03 5/1/2013 12:13 Y 0.13 1.26 
sediment in channel, leaf litter, green 
brown, river otter 
35 09 13 05 7/31/2013 13:25 Y 0.08 0.7 
spatterdock and pickeral weed, leaf 
litter, sediment and detritus island, 
light brown water 
35 09 13 06 9/12/2013 12:39 N 0.07 0.96 
heavy organic debris, white foam 
from side channel, low turbidity, 
green brown, organic odor, 
spadderdock and pickerel weed 
35 09 13 07 10/29/2013 11:35 N 0.06 0.79 
yellow water color, filter light brown 
film, leaf litter on surface 
35 09 13 08 12/9/2013 12:02 N 0.04 0.8 
dense decaying grasses from banks; 
tree debris, moderate turbidity, 
yellow color 
35 09 14 01 1/23/2014 10:55 Y 0.07 0.83 
male mallards, low flow, low 
turbidity, white heron, light yellow 
brown color 
35 09 14 03 5/27/2014 11:04 Y 0.11 0.68 
prior rainfall event exceeded 0.5 
inches; vegetation blocking flow, light 
brown particle film 
35 09 14 04 6/23/2014 13:09 N 0.08 0.68 
surface vegetation, nuphar sp, 
sediment deposition, wading birds, 
turbid, fish, low flow 
35 09 14 05 8/5/2014 12:57 Y 0.07 0.76 
waterfowl upstream, sedimentation 
island blocking flow, detritus, visible 
particle film 
35 09 14 06 9/18/2014 12:52 Y 0.10 1.01 
heavy flow, vegetation debris, tanic, 
suspended particles, lawn 
maintenance debris, sediment island 
with emergent vegetation 
35 09 14 07 10/30/2014 8:58 N 0.06 1.05 
sediment particles, sediment 
deposition, low turbidity, organics 
and leaf debris transport, flow from 
all channels, emergent vegetation, 
trash, tannic, birds 
35 10 09 01 1/27/2009 9:54 N 0.05 0.46 
yard waste in creek, particles in 
water 
35 10 09 02 4/8/2009 10:35 Y 0.08 0.57 
construction, low turbidity, lots of 
algae, suds on surface 
35 10 09 03 5/19/2009 12:46 Y 0.10 1.00 
good flow, road construction, 
sediment in stream from rain, white 
bubbles, ducks 
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35 10 09 04 6/18/2009 10:53   0.08 0.67 
fish odor, animal feces on shore, 
tanic, tilapia and small fish, low 
turbidity, DOM 
          
35 10 09 05 7/21/2009 9:07 Y 0.04 0.56 
road construction, good flow, low 
turbidity, tanic, dead vegetation 
around pilings 
35 10 09 06 9/21/2009 10:48 Y 0.10 0.87 
emergent vegetation, fish, turbid, 
detritus, nearby road construction 
35 10 09 07 11/9/2009 9:40   0.03 0.56 
low turbidity, turtle, metal debris in 
water, arrowhead 
35 10 09 08 12/9/2009 14:21 Y 0.04 0.74 
bacteria scum, dead leaves, sod 
application on bank, yellow brown, 
fish, evidence of high flows 
35 10 10 01 2/11/2010 10:26 Y 0.05 0.82 
white foam, dead vegetation, sodded 
bank, trash, yellow, ducks upstream, 
silt screen 
35 10 10 02 4/12/2010 15:08 Y 0.06 0.82 
good flow, moderate turbidity, yellow 
brown, orange clay, dead turtle, silt 
fence, construction, trash 
          
35 10 10 04 6/22/2010 12:32 Y 0.07 0.50 
birds, construction, low turbidity, 
sunfish, small brown particles, SAV 
upstream of site 
35 10 10 05 8/4/2010 11:47 Y 0.05 0.70 
yellow brown, good flow, small fish 
and school of bass, moderate 
turbidity, surface foam 
35 10 10 06 8/30/2010 12:39 Y 0.04 0.57 
fish, yellow, moderate turbidity, good 
flow, foam, leaf debris, orange 
detritus, trash, bicycles 
35 10 10 07 10/13/2010 13:18 N 0.04 0.61 
bass fish, turbid, heavy shoreline 
vegetation, construction 
35 10 10 08 12/14/2010 14:52 Y 0.05 0.52 low turbidity 
35 10 11 01 2/8/2011 13:43 Y 0.07 0.76 low turbidity, yellow 
35 10 11 02 3/17/2011 12:51 N 0.10 0.66 
vegetated banks, gallinules, light 
brown particles, fallen tree 
35 10 11 03 5/17/2011 10:47 Y 0.11 0.85 
J=matrix spike recovery exceeded QC 
limits; yellow brown, white foam 
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35 10 11 04 6/28/2011 11:15 Y 0.08 0.85 
vegetated shore, strong flow, yellow 
brown, moderate turbidity, dense 
organic debris, foam, fish, fallen 
trees, brown particles 
35 10 11 05 7/27/2011 12:41 Y 0.12 0.80 
!=normal distribution data outlier; 
foam, waterfowl, fish, low turbidity, 
light and dark brown particles, bank 
erosion, vegetated banks 
35 10 11 06 9/20/2011 12:49 N 0.12 0.78 
fish schools, suds, floating debris, 
moderately turbid, brown, wading 
birds, brown particles 
35 10 11 07 11/2/2011 11:27 N 0.04 0.50 floating foam, fish 
35 10 11 08 12/20/2011 14:57 N 0.06 0.71 
tannic, brown, fish activity, bird 
activity 
35 10 12 01 1/31/2012 11:11 N 0.06 0.73 
moderate flow, yellow, brown, 
scattered foam colonies, parrot 
feather, alligatorweed 
          
35 10 12 02 4/3/2012 11:23 N 0.05 0.65 
dense algae, fish, turtles, light 
brown, low flow, mowed banks, fish 
odor, piles of feces on bank 
35 10 12 04 6/13/2012 12:18 N 0.05 0.57 
bass, moderate flow, light brown, low 
turbidity 
35 10 12 05 8/1/2012 11:10 Y 0.08 1.02 
tannic, large fish, schooling fish, 
buried trash, slow flow, vegetated 
banks, erosion from high flows, 
moderate turbidity 
35 10 12 06 9/13/2012 11:34 N 0.04 0.78 
white bubbles, small fish, riparian 
buffer intact, good clarity 
35 10 12 07 11/5/2012 12:14 N 0.05 0.60 
low turbidity, waterfowl, good flow, 
fish, turtle 
35 10 13 01 2/7/2013 12:05 N 0.02 0.39 
yellow, moderate turbidity, visible 
surface particle debris, waterfowl at 
site 
35 10 13 02 4/4/2013 11:14 Y 0.03 0.48 
green filamentous algae, moderate 
turbidity, yellow, low turbidity 
35 10 13 03 5/1/2013 13:25 Y 0.08 0.71 white foam on surface 
35 10 13 04 7/11/2013 13:09 Y 0.12 0.81 
high flow and level, moderate 
turbidity, leaf debris, brown 
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35 10 13 05 7/31/2013 11:29 Y 0.08 0.56 
light brown water color, foam on 
surface, fish and turtle activity 
35 10 13 06 9/12/2013 14:10 N 0.05 0.73 
large moth bass, sunfish, white algae 
mats, tannic, detritus layer, 
moderate turbidity, trash 
35 10 13 07 10/29/2013 13:32 N 0.06 0.76 
white foamy specks on surface, turtle 
upstream, filter clean, yellow brown 
water color 
35 10 13 08 12/9/2013 13:54 N 0.01 0.29 
dark brown color, turbid, PVC and 
bicycle debris 
35 10 14 01 1/23/2014 9:46 Y 0.06 0.59 
foam, brown color, low turbidity, 
male mallard, ibis birds 
35 10 14 02 4/14/2014 11:58 N 0.04 0.47 
yellow brown color, various schooling 
fish species, moderate turbidity, 
dense algae, light brown particle film 
35 10 14 03 5/27/2014 10:18 Y 0.08 0.53 
prior rainfall event exceeded 0.5 
inches; surface sheen, foam, exotic 
grasses, light brown particle film 
35 10 14 04 6/23/2014 11:23 N 0.08 0.44 
brown particle film, low turbidity, 
myriophyllum sp, dense debris and 
trash 
35 10 14 05 8/5/2014 11:27 Y 0.04 0.51 
!=potential normal distribution 
outlier; turbid, construction 
upstream, BMP intact, bank recently 
maintained, brown particle film 
35 10 14 06 9/18/2014 11:28 Y 0.10 0.79 swift flow, tannic, vegetated banks 
35 10 14 07 10/30/2014 10:24 N 0.06 0.86 
slight particle film, active rodeo 
herbiciding, tannic, heavy detritus, 
fish, algal mats, slow flow, debris 
transport, myriophyllum sp. 
35 11 09 02 4/8/2009 10:01 Y 0.04 0.78 
lots of surface algae, low turbidity, 
mostly clean sample 
35 11 09 03 5/19/2009 12:15 Y 0.11 1.08 
new dock, good flow, floating debris, 
moderate turbidity, duckweed 
35 11 09 04 6/18/2009 11:36   0.09 0.93 
high turbidity, low flow, heavy 
riparian vegetation 
35 11 09 05 7/21/2009 8:40 Y 0.04 0.83 
fish, turtle, dying algae mats, 
moderate flow and turbidity, brown, 
lots of particles 
35 11 09 06 9/21/2009 10:18 Y 0.06 0.77 
good flow, detritus, foam, turbid, fish 
activity, grass clippings in water 
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35 11 09 07 11/9/2009 9:00   0.04 0.64 
low turbidity, suspended particles, 
water fleas, bird and raccoon feces 
on USGS structure 
35 11 09 08 12/9/2009 14:41 Y 0.04 0.66 
tanic, fish, heavy shoreline 
vegetation, trash 
35 11 10 01 2/11/2010 11:15 Y 0.04 0.72 
dead veg. on banks, floating debris, 
moderate flow, moderate turbidity, 
light yellow 
35 11 10 02 4/12/2010 14:18 Y 0.07 0.78 
moderate flow, brown yellow, low 
turbidity, trash, ducks, lemna, bass, 
brown, surface scum 
35 11 10 03 5/11/2010 10:27 N 0.11 0.71 lemna sp, brown, moderate turbidity 
35 11 10 04 6/22/2010 11:52 Y 0.08 0.54 
turbid, duckweed, turtles, fine brown 
particles, green brown, high flow 
35 11 10 05 8/4/2010 11:08 Y 0.09 0.62 
good flow, turbid, yellow, ducks, SAV 
abundant 
35 11 10 06 8/30/2010 11:54 Y 0.02 0.33 
tilapia, bass, yellow, heavy 
valesnaria, moderate flow, waterfowl 
35 11 10 07 10/13/2010 12:32 N 0.04 0.35 
heavy valesnaria, slow flow, low 
turbidity, tanic 
35 11 10 08 12/14/2010 13:53 Y 0.05 0.38 
lemna sp, low turbidity, low flow, 
large mass of chara sp and naiad 
35 11 11 01 2/8/2011 14:11 Y 0.10 0.86 
moderate flow, lemna, heavy surface 
debris - grass clippings, low turbidity 
35 11 11 02 3/17/2011 12:15 N 0.08 0.69 
roseate spoonbills, ducks, vegetated 
banks, lemna sp 
35 11 11 03 5/17/2011 10:20 Y 0.12 1.01 
J=matrix spike recovery exceeded QC 
limits; yellow brown, slow flow, white 
foam 
35 11 11 04 6/28/2011 10:44 Y 0.12 0.97 
!=normal distribution data outlier; 
large white floating particles, 
moderate turbidity, green, organic 
particles, canine feces, birds, green 
particles 
35 11 11 05 7/27/2011 13:11 Y 0.12 0.69 
!=normal distribution data outlier; 
turtles, bass, feces on platform, light 
precipitation, suspended particles 
35 11 11 06 9/20/2011 13:43 N 0.12 0.79 
fish, turtles, moderately turbid, 
brown, vegetated banks, dense 
valesnaria sp 
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35 11 11 07 11/2/2011 12:06 N 0.04 0.36 
dense SAV, floating white particles, 
mowed banks, organic brown 
particles 
35 11 11 08 12/20/2011 14:11 N 0.06 0.90 
light brown, tannic, slow flow, bird 
activity 
          
35 11 12 01 1/31/2012 12:32 N 0.09 0.99 
slow flow, azolla sp, lemna sp, trash, 
pollen transport 
35 11 12 02 4/3/2012 10:42 N 0.07 0.89 
dense SAV, low flow, pollen debris, 
trash 
35 11 12 03 5/17/2012 10:46 Y 0.08 0.86 
moderate flow, low turbidity, lemna 
sp, light brown 
35 11 12 04 6/13/2012 11:42 N 0.06 0.66 moderate flow, low turbidity, turtle 
35 11 12 05 8/1/2012 10:33 Y 0.11 0.82 
waterfowl, turtle, tannic, large white 
particles, moderate turbidity, white 
colony films, lemna sp, easily 
suspended detrital muck, grass 
banks, slwo flow, fish 
35 11 12 06 9/13/2012 10:54 N 0.04 0.82 
dense SAV, bank vegetation 
maintenance, various bird species 
35 11 12 07 11/5/2012 12:45 N 0.04 0.67 
dense SAV hindering flow, fish, 
floating debris, bird feces and 
feathers, trash 
35 11 12 08 12/6/2012 13:02 N 0.06 0.48 
light tannic brown, waterfowl 
upstream, fish activity, azolla sp 
35 11 13 01 2/7/2013 11:29 N 0.03 0.62 
dense SAV, no color, waterfowl 
upstream 
35 11 13 02 4/4/2013 11:49 Y 0.1 0.65 
moderate turbidity, green brown, 
heavy precipitation 
35 11 13 03 5/1/2013 13:46 Y 0.04 0.66 light brown, waterfowl upstream 
35 11 13 04 7/11/2013 12:42 Y 0.08 0.66 
fish, ducks, turtle, high flow, prior 
precipitation event, low turbidity, 
dense vegetation debris, suspected 
first flush 
35 11 13 05 7/31/2013 11:55 Y 0.06 0.54 dense SAV, low turbidity, no color 
35 11 13 06 9/12/2013 13:30 N 0.08 0.75 
detritus, schooling fish, green yellow 
color, eroded banks 
35 11 13 07 10/29/2013 14:02 N 0.07 0.79 
yellow brown water color, white 
specks on water surface, water clear 
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35 11 13 08 12/9/2013 13:18 N 0.07 0.72 
lemna sp, low turbidity, yellow color, 
USGS station reconstructed - 
deconstructed platform remains 
35 11 14 01 1/23/2014 9:25 Y 0.05 0.61 
light yellow brown color, low flow, 
low turbidity, foraging Ibises 
35 11 14 02 4/14/2014 11:23 N 0.06 0.79 
yellow, low turbidity, good flow, 
schooling fish, vegetated banks 
35 11 14 03 5/27/2014 9:48 Y 0.07 0.55 
prior rainfall event exceeded 0.5 
inches; light brown particle film, 
exposed shoreline, failed silt fencing, 
periphyton 
35 11 14 04 6/23/2014 12:04 N 0.08 0.61 
good flow, low turbidity, duck, trash, 
schooling fish, densely vegetated 
banks, organic debris transport 
35 11 14 05 8/5/2014 11:58 Y 0.05 0.45 
!=potential normal distribution 
outlier; waterfowl upstream, green 
color, wading birds, alligatorweed, 
dark green particles; rainfall in basin 
exceeded 0.5 inches within 48 hours 
35 11 14 06 9/18/2014 12:12 Y 0.09 0.83 
tanic, sufficient flow, suspended 
sediments, bank erosion 
35 11 14 07 10/30/2014 10:49 N 0.07 1.03 
dark brown particle film, fish, 
waterfowl upstream, moderate 
turbidity, algal mats, low level, heavy 
detritus, floating vegetation, visible 
organic particles, tannic 
35 11 14 08 12/17/2014 10:19   0.04 0.84 
abundant SAV, vegetated banks, 
sufficient flow, slight particle film 
35 12 09 01 1/27/2009 9:18 N 0.05 0.89 
low turbidity, low flow, bubbles on 
surface, muskogie ducks, particles in 
water 
35 12 09 02 4/8/2009 11:21 Y 0.09 0.87 
low turbidity, brown, algae, emergent 
plants, ducks upstream 
35 12 09 03 5/19/2009 13:15 Y 0.15 1.61 
wind driven surface flow, lady feeding 
ducks, fish, low turbidity, surface 
debris 
35 12 09 04 6/18/2009 10:19   0.15 1.98 
sheen on surface, tanic, low turbidity, 
suspended bottom sediments, fish, 
dragonflies 
35 12 09 05 7/21/2009 9:35 Y 0.10 1.09 
fish, tanic, low turbidity and flow, 
organic material 
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35 12 09 06 9/21/2009 11:38 Y 0.17 1.38 
foam, fish activity, moderate 
turbidity, floating debris 
35 12 09 07 11/9/2009 10:23   0.15 1.16 
low turbidity, waterfowl, white scum, 
vultures, tanic, dead fish odor 
35 12 09 08 12/9/2009 13:54 Y 0.04 0.96 
yellow brown, low turbidity, ducks, 
tanic, suspended sediments, thick 
yellow brown foam downstream 
35 12 10 01 2/11/2010 9:44 Y 0.04 1.22 
dead, rotting veg. on banks, wading 
birds upstream, white foam, low flow, 
low turbidity, light yellow 
35 12 10 02 4/12/2010 15:54 Y 0.04 1.01 
fish, baby turtle, moderate flow and 
turbidity, heavy shoreline vegetation, 
alligatorweed 
35 12 10 03 5/11/2010 11:02 N 0.06 1.24 
yard debris on surface, yellow brown, 
algae 
35 12 10 04 6/22/2010 13:17 Y 0.14 1.04 
low flow, turbid, yellow brown, 
waterfowl foraging, brown particles 
35 12 10 05 8/4/2010 12:17 Y 0.12 1.35 
yellow, small fish, storm flow 
deposited debris, moderate to slow 
flow 
35 12 10 06 8/30/2010 13:19 Y 0.07 1.19 
yellow, moderate turbidity, moderate 
flow, tilapia fish 
35 12 10 07 10/13/2010 13:53 N 0.15 0.87 fish, brown, moderate turbidity 
35 12 10 08 12/14/2010 15:21 Y 0.05 0.61 
waterfowl feces on creek bottom, 
wading birds in water and on shore, 
low turbidity 
35 12 11 01 2/8/2011 12:58 Y 0.05 0.65 
low turbidity, moderate flow, ducks, 
yellow 
35 12 11 02 3/17/2011 13:41 N 0.06 3.52 
!=normal distribution data outlier; 
alligatorweed, erosion at structure, 
vegetated banks, bank irrigation 
upstream, dragonflies, yellow, low 
turbidity 
35 12 11 03 5/17/2011 11:20 Y 0.09 0.94 
J=matrix spike recovery exceeded QC 
limits; yellow brown 
35 12 11 04 6/28/2011 11:57 Y 0.16 1.14 
small white particles, juvenile fish, 
brown, large brown particles 
35 12 11 05 7/27/2011 11:53 Y 0.10 1.23 
tannic, fish, tilapia nests, high TSS, 
debris, muck, floating detrital 
particles, vegetation altering flow 
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35 12 11 06 9/20/2011 12:14 N 0.13 1.07 
moderately turbid, fish, vegetated 
banks, wading birds, surface debris 
35 12 11 07 11/2/2011 11:11 N 0.05 0.61 
sheen on surface, floating vegetation 
debris, death odor, birds, detritus, 
taro along banks 
35 12 11 08 12/20/2011 15:32 N 0.08 1.27 tannic, brown, fish activity 
35 12 12 01 1/31/2012 11:54 N 0.07 1.12 
parrot feather, alligatorweed, oily 
sheen, leaf debris, yellow 
35 12 12 04 6/13/2012 13:43 N 0.04 0.87 
light brown, low turbidity, moderate 
flow 
35 12 12 05 8/1/2012 11:49 Y 0.07 1.04 
milfoil or parrot feather, vegetated, 
mowed banks with 3 foot buffer, slow 
flow, low turbidity, minimal detritus, 
surface organic debris 
35 12 12 06 9/13/2012 12:18 N 0.05 0.90 
brown foam, good clarity, oily film, 
fish 
35 12 12 07 11/5/2012 11:48 N 0.05 0.75 
herbicide treatment, floating debris, 
fish, trash, active lawn maintenance 
upstream, turbidity barriers 
upstream, fine brown particles 
35 12 12 08 12/6/2012 13:54 N 0.06 0.56 light brown, fish activity, bacopa sp. 
35 12 13 01 2/7/2013 12:37 N 0.04 0.72 
SAV, water milfoil, yellow, moderate 
turbidity, slow flow 
35 12 13 02 4/4/2013 10:36 Y 0.13 1.1 
myriophyllum sp, alligatorweed, 
yellow brown, odor from adjacent 
ditch, moderate turbidity 
35 12 13 03 5/1/2013 13:00 Y 0.39 1.02 
dark tannic brown, light brown 
particles, bird activity 
35 12 13 04 7/11/2013 13:41 Y 0.22 1.22 
high flow and level, moderate 
turbidity, brown, leaf and surface 
debris, particle film 
35 12 13 05 7/31/2013 10:36 Y 0.09 0.9 
yellow green water, fish and turtle 
activity 
35 12 13 06 9/12/2013 15:13 N 0.24 1.21 
first flush, lawn maintenance debris, 
heavy, tannic, bass, fish, moderate 
turbidity, flow altered by SAV, trash 
35 12 13 07 10/29/2013 13:06 N 0.06 0.76 
coontail and parrot feather, yellow 
brown water color, large fish activity, 
filter yelow/brown film 
35 12 13 08 12/9/2013 14:34 N 0.04 0.69 
exotic vegetation, moderate turbidity, 
brown yellow color, bass fish 
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35 12 14 01 1/23/2014 10:21 Y 0.03 0.64 
low flow, light brown yellow color, 
low turbidity 
35 12 14 02 4/14/2014 12:24 N 0.06 0.75 
schooling fish, moderate turbidity, 
yellow brown color, tadpoles, light 
brown particle film 
35 12 14 04 6/23/2014 10:30 N 0.10 0.94 
lawn maintenance downstream, 
moderate flow, brown color, low 
turbidity, white particle transport, 
fine brown particles, alligatorweed 
35 12 14 05 8/5/2014 10:48 Y 0.08 0.84 
emergent and floating vegetation, 
slightly tannic, low turbidity, light 
brown particle film 
35 12 14 06 9/18/2014 11:00 Y 0.11 1.52 
vegetated banks, sufficient flow, 
small fish, yellow brown sediment 
film 
35 12 14 07 10/30/2014 9:28 N 0.05 1.11 
brown particle film, brown tannic 
color, moderate turbidity, SAV 
slowing flow, methane, schooling 
fish, organic debris, vegetated banks 
35 12 14 08 12/17/2014 11:03   0.04 0.91 vegetated banks, slightly tannic 
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Appendix C: SPSS Data  
SPSS Data View for Statistical Analyses 
SampleID SiteName SampleDate TN TP Season 
1 Bonn35-09 1/27/2009 0.91 0.1 Dry Season 
2 Bonn35-09 4/8/2009 0.78 0.06 Dry Season 
3 Bonn35-09 5/19/2009 0.81 0.06 Dry Season 
4 Bonn35-09 6/18/2009 1.07 0.09 Wet Season 
5 Bonn35-09 7/21/2009 0.74 0.07 Wet Season 
6 Bonn35-09 9/21/2009 1.12 0.09 Wet Season 
7 Bonn35-09 11/9/2009 0.86 0.05 Dry Season 
8 Bonn35-09 12/9/2009 1.62 0.1 Dry Season 
9 Bonn35-09 2/11/2010 1.08 0.04 Dry Season 
10 Bonn35-09 4/12/2010 0.78 0.06 Dry Season 
11 Bonn35-09 5/11/2010 0.67 0.07 Dry Season 
12 Bonn35-09 6/22/2010 0.74 0.1 Wet Season 
13 Bonn35-09 8/4/2010 0.84 0.09 Wet Season 
14 Bonn35-09 8/30/2010 Not Sampled Not Sampled Not Sampled 
15 Bonn35-09 10/13/2010 Not Sampled Not Sampled Not Sampled 
16 Bonn35-09 12/14/2010 Not Sampled Not Sampled Not Sampled 
17 Bonn35-09 2/8/2011 0.78 0.05 Dry Season 
18 Bonn35-09 3/17/2011 0.74 0.09 Dry Season 
19 Bonn35-09 5/17/2011 0.91 0.18 Dry Season 
20 Bonn35-09 6/28/2011 Not Sampled Not Sampled Not Sampled 
21 Bonn35-09 7/27/2011 0.84 0.2 Wet Season 
22 Bonn35-09 9/20/2011 1.08 0.14 Wet Season 
23 Bonn35-09 11/2/2011 0.64 0.07 Dry Season 
24 Bonn35-09 12/20/2011 1.24 0.08 Dry Season 
25 Bonn35-09 1/31/2012 Not Sampled Not Sampled Not Sampled 
26 Bonn35-09 4/3/2012 Not Sampled Not Sampled Not Sampled 
27 Bonn35-09 5/17/2012 Not Sampled Not Sampled Not Sampled 
28 Bonn35-09 6/13/2012 Not Sampled Not Sampled Not Sampled 
29 Bonn35-09 8/1/2012 1.91 0.15 Wet Season 
30 Bonn35-09 9/13/2012 0.93 0.05 Wet Season 
31 Bonn35-09 11/5/2012 0.85 0.04 Dry Season 
32 Bonn35-09 12/6/2012 0.78 0.06 Dry Season 
33 Bonn35-09 2/7/2013 0.88 0.05 Dry Season 
34 Bonn35-09 4/4/2013 Not Sampled Not Sampled Not Sampled 
35 Bonn35-09 5/1/2013 1.26 0.13 Dry Season 
36 Bonn35-09 7/11/2013 Not Sampled Not Sampled Not Sampled 
37 Bonn35-09 7/31/2013 0.7 0.08 Wet Season 
38 Bonn35-09 9/12/2013 0.96 0.07 Wet Season 
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39 Bonn35-09 10/29/2013 0.79 0.06 Dry Season 
40 Bonn35-09 12/9/2013 0.8 0.04 Dry Season 
41 Bonn35-09 1/23/2014 0.83 0.07 Dry Season 
42 Bonn35-09 4/14/2014 Not Sampled Not Sampled Not Sampled 
43 Bonn35-09 5/27/2014 0.68 0.11 Dry Season 
44 Bonn35-09 6/23/2014 0.68 0.08 Wet Season 
45 Bonn35-09 8/5/2014 0.76 0.07 Wet Season 
46 Bonn35-09 9/18/2014 1.01 0.1 Wet Season 
47 Bonn35-09 10/30/2014 1.05 0.06 Dry Season 
48 Bonn35-09 12/17/2014 Not Sampled Not Sampled Not Sampled 
49 Control35-10 1/27/2009 0.46 0.05 Dry Season 
50 Control35-10 4/8/2009 0.57 0.08 Dry Season 
51 Control35-10 5/19/2009 1 0.1 Dry Season 
52 Control35-10 6/18/2009 0.67 0.08 Wet Season 
53 Control35-10 7/21/2009 0.56 0.04 Wet Season 
54 Control35-10 9/21/2009 0.87 0.1 Wet Season 
55 Control35-10 11/9/2009 0.56 0.03 Dry Season 
56 Control35-10 12/9/2009 0.74 0.04 Dry Season 
57 Control35-10 2/11/2010 0.82 0.05 Dry Season 
58 Control35-10 4/12/2010 0.82 0.06 Dry Season 
59 Control35-10 5/11/2010 Not Sampled Not Sampled Not Sampled 
60 Control35-10 6/22/2010 0.5 0.07 Wet Season 
61 Control35-10 8/4/2010 0.7 0.05 Wet Season 
62 Control35-10 8/30/2010 0.57 0.04 Wet Season 
63 Control35-10 10/13/2010 0.61 0.04 Dry Season 
64 Control35-10 12/14/2010 0.52 0.05 Dry Season 
65 Control35-10 2/8/2011 0.76 0.07 Dry Season 
66 Control35-10 3/17/2011 0.66 0.1 Dry Season 
67 Control35-10 5/17/2011 0.85 0.11 Dry Season 
68 Control35-10 6/28/2011 0.85 0.08 Wet Season 
69 Control35-10 7/27/2011 0.8 0.12 Wet Season 
70 Control35-10 9/20/2011 0.78 0.12 Wet Season 
71 Control35-10 11/2/2011 0.5 0.04 Dry Season 
72 Control35-10 12/20/2011 0.71 0.06 Dry Season 
73 Control35-10 1/31/2012 0.73 0.06 Dry Season 
74 Control35-10 4/3/2012 0.65 0.05 Dry Season 
75 Control35-10 5/17/2012 Not Sampled Not Sampled Not Sampled 
76 Control35-10 6/13/2012 0.57 0.05 Wet Season 
77 Control35-10 8/1/2012 1.02 0.08 Wet Season 
78 Control35-10 9/13/2012 0.78 0.04 Wet Season 
79 Control35-10 11/5/2012 0.6 0.05 Dry Season 
80 Control35-10 12/6/2012 Not Sampled Not Sampled Not Sampled 
81 Control35-10 2/7/2013 0.39 0.02 Dry Season 
82 Control35-10 4/4/2013 0.48 0.03 Dry Season 
83 Control35-10 5/1/2013 0.71 0.08 Dry Season 
84 Control35-10 7/11/2013 0.81 0.12 Wet Season 
85 Control35-10 7/31/2013 0.56 0.08 Wet Season 
86 Control35-10 9/12/2013 0.73 0.05 Wet Season 
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87 Control35-10 10/29/2013 0.76 0.06 Dry Season 
88 Control35-10 12/9/2013 0.29 0.01 Dry Season 
89 Control35-10 1/23/2014 0.59 0.06 Dry Season 
90 Control35-10 4/14/2014 0.47 0.04 Dry Season 
91 Control35-10 5/27/2014 0.53 0.08 Dry Season 
92 Control35-10 6/23/2014 0.44 0.08 Wet Season 
93 Control35-10 8/5/2014 0.51 0.04 Wet Season 
94 Control35-10 9/18/2014 0.79 0.1 Wet Season 
95 Control35-10 10/30/2014 0.86 0.06 Dry Season 
96 Control35-10 12/17/2014 Not Sampled Not Sampled Not Sampled 
97 Control35-11 1/27/2009 Not Sampled Not Sampled Not Sampled 
98 Control35-11 4/8/2009 0.78 0.04 Dry Season 
99 Control35-11 5/19/2009 1.08 0.11 Dry Season 
100 Control35-11 6/18/2009 0.93 0.09 Wet Season 
101 Control35-11 7/21/2009 0.83 0.04 Wet Season 
102 Control35-11 9/21/2009 0.77 0.06 Wet Season 
103 Control35-11 11/9/2009 0.64 0.04 Dry Season 
104 Control35-11 12/9/2009 0.66 0.04 Dry Season 
105 Control35-11 2/11/2010 0.72 0.04 Dry Season 
106 Control35-11 4/12/2010 0.78 0.07 Dry Season 
107 Control35-11 5/11/2010 0.71 0.11 Dry Season 
108 Control35-11 6/22/2010 0.54 0.08 Wet Season 
109 Control35-11 8/4/2010 0.62 0.09 Wet Season 
110 Control35-11 8/30/2010 0.33 0.02 Wet Season 
111 Control35-11 10/13/2010 0.35 0.04 Dry Season 
112 Control35-11 12/14/2010 0.38 0.05 Dry Season 
113 Control35-11 2/8/2011 0.86 0.1 Dry Season 
114 Control35-11 3/17/2011 0.69 0.08 Dry Season 
115 Control35-11 5/17/2011 1.01 0.12 Dry Season 
116 Control35-11 6/28/2011 0.97 0.12 Wet Season 
117 Control35-11 7/27/2011 0.69 0.12 Wet Season 
118 Control35-11 9/20/2011 0.79 0.12 Wet Season 
119 Control35-11 11/2/2011 0.36 0.04 Dry Season 
120 Control35-11 12/20/2011 0.9 0.06 Dry Season 
121 Control35-11 1/31/2012 0.99 0.09 Dry Season 
122 Control35-11 4/3/2012 0.89 0.07 Dry Season 
123 Control35-11 5/17/2012 0.86 0.08 Dry Season 
124 Control35-11 6/13/2012 0.66 0.06 Wet Season 
125 Control35-11 8/1/2012 0.82 0.11 Wet Season 
126 Control35-11 9/13/2012 0.82 0.04 Wet Season 
127 Control35-11 11/5/2012 0.67 0.04 Dry Season 
128 Control35-11 12/6/2012 0.48 0.06 Dry Season 
129 Control35-11 2/7/2013 0.62 0.03 Dry Season 
130 Control35-11 4/4/2013 0.65 0.1 Dry Season 
131 Control35-11 5/1/2013 0.66 0.04 Dry Season 
132 Control35-11 7/11/2013 0.66 0.08 Wet Season 
133 Control35-11 7/31/2013 0.54 0.06 Wet Season 
134 Control35-11 9/12/2013 0.75 0.08 Wet Season 
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135 Control35-11 10/29/2013 0.79 0.07 Dry Season 
136 Control35-11 12/9/2013 0.72 0.07 Dry Season 
137 Control35-11 1/23/2014 0.61 0.05 Dry Season 
138 Control35-11 4/14/2014 0.79 0.06 Dry Season 
139 Control35-11 5/27/2014 0.55 0.07 Dry Season 
140 Control35-11 6/23/2014 0.61 0.08 Wet Season 
141 Control35-11 8/5/2014 0.45 0.05 Wet Season 
142 Control35-11 9/18/2014 0.83 0.09 Wet Season 
143 Control35-11 10/30/2014 1.03 0.07 Dry Season 
144 Control35-11 12/17/2014 0.84 0.04 Dry Season 
145 Miles35-12 1/27/2009 0.89 0.05 Dry Season 
146 Miles35-12 4/8/2009 0.87 0.09 Dry Season 
147 Miles35-12 5/19/2009 1.61 0.15 Dry Season 
148 Miles35-12 6/18/2009 1.98 0.15 Wet Season 
149 Miles35-12 7/21/2009 1.09 0.1 Wet Season 
150 Miles35-12 9/21/2009 1.38 0.17 Wet Season 
151 Miles35-12 11/9/2009 1.16 0.15 Dry Season 
152 Miles35-12 12/9/2009 0.96 0.04 Dry Season 
153 Miles35-12 2/11/2010 1.22 0.04 Dry Season 
154 Miles35-12 4/12/2010 1.01 0.04 Dry Season 
155 Miles35-12 5/11/2010 1.24 0.06 Dry Season 
156 Miles35-12 6/22/2010 1.04 0.14 Wet Season 
157 Miles35-12 8/4/2010 1.35 0.12 Wet Season 
158 Miles35-12 8/30/2010 1.19 0.07 Wet Season 
159 Miles35-12 10/13/2010 0.87 0.15 Dry Season 
160 Miles35-12 12/14/2010 0.61 0.05 Dry Season 
161 Miles35-12 2/8/2011 0.65 0.05 Dry Season 
162 Miles35-12 3/17/2011 3.52 0.06 Dry Season 
163 Miles35-12 5/17/2011 0.94 0.09 Dry Season 
164 Miles35-12 6/28/2011 1.14 0.16 Wet Season 
165 Miles35-12 7/27/2011 1.23 0.1 Wet Season 
166 Miles35-12 9/20/2011 1.07 0.13 Wet Season 
167 Miles35-12 11/2/2011 0.61 0.05 Dry Season 
168 Miles35-12 12/20/2011 1.27 0.08 Dry Season 
169 Miles35-12 1/31/2012 1.12 0.07 Dry Season 
170 Miles35-12 4/3/2012 Not Sampled Not Sampled Not Sampled 
171 Miles35-12 5/17/2012 Not Sampled Not Sampled Not Sampled 
172 Miles35-12 6/13/2012 0.87 0.04 Wet Season 
173 Miles35-12 8/1/2012 1.04 0.07 Wet Season 
174 Miles35-12 9/13/2012 0.9 0.05 Wet Season 
175 Miles35-12 11/5/2012 0.75 0.05 Dry Season 
176 Miles35-12 12/6/2012 0.56 0.06 Dry Season 
177 Miles35-12 2/7/2013 0.72 0.04 Dry Season 
178 Miles35-12 4/4/2013 1.1 0.13 Dry Season 
179 Miles35-12 5/1/2013 1.02 0.39 Dry Season 
180 Miles35-12 7/11/2013 1.22 0.22 Wet Season 
181 Miles35-12 7/31/2013 0.9 0.09 Wet Season 
182 Miles35-12 9/12/2013 1.21 0.24 Wet Season 
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183 Miles35-12 10/29/2013 0.76 0.06 Dry Season 
184 Miles35-12 12/9/2013 0.69 0.04 Dry Season 
185 Miles35-12 1/23/2014 0.64 0.03 Dry Season 
186 Miles35-12 4/14/2014 0.75 0.06 Dry Season 
187 Miles35-12 5/27/2014 Not Sampled Not Sampled Not Sampled 
188 Miles35-12 6/23/2014 0.94 0.1 Wet Season 
189 Miles35-12 8/5/2014 0.84 0.08 Wet Season 
190 Miles35-12 9/18/2014 1.52 0.11 Wet Season 
191 Miles35-12 10/30/2014 1.11 0.05 Dry Season 
192 Miles35-12 12/17/2014 0.91 0.04 Dry Season 
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Appendix D: USGS Rainfall Data Downloaded from USGS Station #2308935 
Appendix D 1. Daily Rainfall Data for 2009 
DATE 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 
1 0 0 0.22 0 0 0 2.18 0 0.11 0 0 0 
2 0 0.4 0 0 0 0.03 1.45 0 0.07 0 0 0.79 
3 0 0 0 0.8 0 0 0.09 0 0.05 0 0 0.01 
4 0 0 0 0 0 0.33 0 0 0.03 0 0 1.11 
5 0 0 0 0 0 0.25 0 0.13 0.34 0 0 0.16 
6 0 0 0 0.03 0 0.89 0.11 0 0 0 0 0 
7 0.03 0 0 0 0 0 0.04 0.64 0 0 0 0 
8 0 0 0 0 0 0.01 0.25 1.62 0 0 0 0 
9 0 0 0 0 0 0 0.53 0 0 0 0.02 0 
10 0 0 0 0 0 0 0.01 0.51 0.35 0.1 0.76 0.2 
11 0 0 0 0 0 0 0.09 0.02 0 0 0.21 0 
12 0 0 0 0 0 0 0.02 1.29 2.38 0 0 0 
13 0.33 0 0 0 1.38 0 0.11 0.12 0.04 0 0 0 
14 0 0 0 1.18 1.7 0 0 0.29 0 0 0 0 
15 0 0 0 0 0 0 0 0.27 0.02 0 0 0 
16 0 0 0 0 0.31 0.04 0 0 0 0.48 0 0 
17 0 0 0 0 0.04 0.01 0 0 0 0 0 0 
18 0 0 0 0 1.78 0 0 0.44 0 0 0 0.31 
19 0.19 0.12 0 0 0.51 0 0 0.7 0.02 0 0 0 
20 0 0 0 0.01 0.9 0 0.45 0 1.63 0 0 0 
21 0 0 0 0 0.89 0 0.01 0.07 0.01 0 0 0 
22 0 0 0 0 0.27 0 0 0.37 0.08 0 0.05 0 
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23 0 0 0.03 0 1.12 0.26 0 0.15 0 0 0.01 0 
24 0 0 0 0 0 0.01 0 0 0.72 0 0.38 0 
25 0 0 0 0 0.11 0 0 0.81 0 0 0.78 0.04 
26 0 0 0 0 0.73 0.97 0.87 0.21 0.02 0.06 0 0 
27 0 0 0 0 0 0 0.02 1 0.12 0.59 0 0 
28 0 0 0 0 0.01 0.01 0 0.09 0 0 0 0 
29 0.73 
 
0.53 0.01 0.03 0.01 0 0 0 0 0 0 
30 0.34 
 
0 0 0 0.34 0.1 0 0 0 0 0 
31 0 
 
0 
 
0 
 
1.13 0 
 
0 
 
0 
Sum 1.62 0.52 0.78 2.03 9.78 3.16 7.46 8.73 5.99 1.23 2.21 2.62 
 
 
Appendix D 2. Daily Rainfall Data for 2010 
DATE Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
 
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 
1 0.38 0 0 0 0 0 --- 0.36 0 0 0 0.13 
2 0 0.13 0.72 0 0 0 --- 0.13 0 0 0 0 
3 0 0 0 0 0 0.01 --- 1.23 0 0 0 0 
4 0 0 0 0 0 2.43 --- 0.64 0 0 1.56 0 
5 0 1.82 0 0 0 0 --- 0.28 0.14 0 0 0.05 
6 0 0 0 0 0 0 --- 0.5 0.63 0 0 0 
7 0 0 0 0 0 0 --- 0.49 0 0 0 0 
8 0 0 0 0 0 0.21 --- 1.09 1.1 0 0 0 
9 0.14 0.21 0 0.16 0 0 --- 0.09 0 0 0 0.04 
10 0 0 0.01 0 0 0 --- 0.85 0.41 0 0 0 
11 0 0 0.12 0 0 0 --- 0.03 0 0 0 0 
12 0 0.57 1.95 0 0 0.04 --- 0.12 0.02 0 0 0.18 
13 0 0 0.01 0 0 0.15 --- 0.06 0.11 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 0 0 
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15 0 0 0 0 0 0.12 0.45 0 0 0 0 0 
16 1.19 0 0 0 0.11 0 0.01 0 0.1 0 0.27 0 
17 0.17 0 0 0 0.09 0 0 0.73 0 0.01 0 0 
18 0 0 0.01 0.9 0 0.59 0.89 1 0 0 0 0.29 
19 0 0 0 0 0 0.01 0 0 0 0 0 0.02 
20 0 0 0 0 0 0 0 0 0 0 0 0 
21 0.01 0 0.57 0.02 0.08 1.47 0 0 0 0 0 0 
22 0.36 0 0 0 0 0.36 0 0.37 0.02 0 0 0 
23 0.01 0 0 0 0 0 0.32 0.76 0.02 0 0 0 
24 0 0.06 0 0 0 0 0.08 0.57 0 0 0 0 
25 0.4 0 0.46 0.91 0.96 0 0.91 0.64 0.31 0 0 0.08 
26 0 0 0.08 0.61 0 0.02 0.01 0.01 0.04 0 0.05 0 
27 0 0.24 0 0 0 0 0 0.19 0.01 0 0 0 
28 0 0 0.89 0 0 0.12 0 0.52 0.12 0 0 0 
29 0   1.68 0 0 0.3 1.32 0.06 0.32 0 0 0 
30 0.1   0 0 0 0.15 0 0 0.01 0 0 0 
31 0   0   0   0 0   0   0.01 
Sum 2.76 3.03 6.5 2.6 1.24 5.98 3.99 10.72 3.36 0.01 1.88 0.8 
 
Appendix D 3. Daily Rainfall Data for 2011 
DATE 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 
1 0 0 0.03 0.01 0 0.47 1.46 0 0.57 0 0 0 
2 0 0 0 0 0 0 0.64 0 0.01 0 0 0 
3 0 0 0 0 0 0 0.2 0.15 0 0 0 0.23 
4 0 0 0 0 0 0 0.5 0.23 0 0 0.06 0 
5 0 0.26 0 0.63 0.06 0 0.17 0.49 0.48 0 0 0 
6 0.63 0.05 0.01 0 1.29 0 0 0.9 0.79 0 0 0 
7 0 0.38 0 0 0 0 0.12 0 1.4 0.06 0 0.12 
8 0 0 0 0 0 0 2.73 0 0 0.14 0 0 
9 0 0 0 0 0 0.22 0.01 1.45 0.53 1.7 0 0 
10 0 0.19 1.14 0 0 0 0 2.53 0.41 0 0 0 
11 0 0 0 0 0 0 0.01 0 0 0 0 0 
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12 0 0 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0.26 0 0 
14 0 0 0 0 0.81 0 0 0 0 0 0 0 
15 0 0 0 0 0.34 0.54 0 0 0 0 0 0 
16 0.05 0 0 0 0 0.21 1.51 0 0 0 0 0 
17 1.4 0 0 0 0 0 0.88 1.83 0 0 0.16 0 
18 0 0 0 0 0 0 0 0 0 0.12 0 0 
19 0.34 0 0 0 0 0 0 1.31 0 0.05 0 0 
20 0.01 0 0 0 0 0 0 0.14 0 0 0 0 
21 0.34 0 0 0 0 0 0 0.08 0 0 0.01 0 
22 0 0 0 0 0 0 0 0.67 1.07 0 0.01 0 
23 0 0 0 0 0 0 0.05 0.37 0.04 0 0.28 0 
24 0 0 0 0.04 0 2.39 0.15 0.45 0 0 0 0 
25 1.57 0 0 0.01 0 0.02 0 0.05 0.22 0 0 0 
26 0.05 0 0 0 0 1.31 0 0 0.86 0 0 0 
27 0 0 0 0 0 0.01 0.61 0.01 0.2 0 0 0.74 
28 0 0 3.17 0 0 0 1.27 0.23 0.01 0.14 0.65 0 
29 0   0 0 0 0.52 0 1.21 0 0.06 0.01 0 
30 0   0.58 0 0 0.4 0 0.01 0 0 0 0 
31 0   2.68   0   0.37 0   0.77   0 
Sum 4.39 0.88 7.61 0.69 2.5 6.09 10.68 12.11 6.59 3.3 1.18 1.09 
 
Appendix D 4. Daily Rainfall Data for 2012 
DATE 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2012 2012 2012 2012 2012 2012 2012 2012 2012 2012 2012 2012 
1 0.18 0 0 0 0 0.69 0 0 0 0.11 0 0 
2 0.02 0 0 0 0.01 0.08 0 0 0 0.13 0 0 
3 0 0 0 0 0 0 0 0 0 1.94 0 0 
4 0 0 0.21 0.37 0 0 0 0 0 0.13 0.01 0 
5 0 0 0 0.16 0 0.79 0 3.31 0 0.02 0 0 
6 0 0.12 0 0 0 0.06 0.12 0.46 0.32 0.44 0.2 0 
7 0 0.01 0 0 0 0.59 0.01 0 0 0 0 0 
8 0 0 0.04 0 0 1.59 0 0.01 0 0 0 0 
9 0 0 0 0 0 0.03 0.04 0 0.48 0 0 0 
10 0 0.21 0 0 0 0 0.25 0.06 1.09 0 0 0.87 
11 0.4 0.03 0 0 0 0 1.01 0.06 0 0 0 0.07 
12 0 0 0 0 0 0 0 0.1 0.49 0 0 0.02 
13 0 0 0 0 0 0 0.39 0.08 0 0 0 0 
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14 0 0 0 0 0 0 0.03 0 0 0 0 0 
15 0 0 0 0 0 0.09 0.66 0 0.01 0 0 0 
16 0 0 0 0 0.81 0 1.22 0 0.37 0 0 0 
17 0 0.1 0 0 0.6 0 0.88 0 0.01 0 0 0 
18 0.37 0.01 0 0 0 0 0.45 0.94 1.23 0.02 0 0 
19 0 0 0 0.5 0.18 0 0 0.64 0.02 0 0 0 
20 0 0 0 0 0 0.04 0 0.44 0.01 0 0 0.67 
21 0 0 0.01 0.68 0 0.01 0.03 4.58 0.02 0 0 0.01 
22 0 0 0 0.97 0 0.37 0.17 0.87 0 0 0 0 
23 0 0 0 0 0 0.37 0 0 0 0 0 0 
24 0 0 0.02 0 0.79 7.75 0.09 0 0 0 0 0.01 
25 0 0.01 0.16 0 0.66 2.26 0 0 0 0 0 0 
26 0 0.01 0 0 0 0.1 0 0.24 0 0 0 0.32 
27 0.51 0 0 0 0.45 0.02 0 1.2 0 0 0 0 
28 0 0 0 0.13 0 0 0 0.05 0.24 0.42 0 0.84 
29 0 0 0 0 0.03 0 0 0 0.01 0 0 0.12 
30 0   0 0 0 0 0 0 0 0 0 0 
31 0   0.05   0   0 0   0   0 
Sum 1.48 0.5 0.49 2.81 3.53 14.84 5.35 13.04 4.3 3.21 0.21 2.93 
 
Appendix D 5. Daily Rainfall Data for 2013 
DATE 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 
1 0 0 0 0 1.01 --- 2.63 0 0.1 0 0 0 
2 0 0 0.02 0 0 --- 0.8 0.05 0.16 0 0.6 0 
3 0.32 0 0 0.03 --- --- 2.46 0.04 1.17 0 0.01 0 
4 0.16 0 0 0.1 --- --- 0.45 0 0.13 0 0 0 
5 0.13 0.12 0 0.03 --- --- 1.1 0 0.41 0 0 0 
6 0.07 0 0.01 0 --- --- 0 1.18 0.29 0 0 0 
7 0.01 0.18 0 0 --- 0 0.23 0.46 0.01 0.43 0 0 
8 0 0 0 0.01 --- 1.82 0.02 1.38 0 0 0 0 
9 0 0 0 0 --- 0.07 0 0.85 0 0 0 0 
10 0 0 0 0 --- 0 0.02 0 0 0 0 0 
11 0 0 0 0 --- 0.05 0.69 0 0 0 0 0 
12 0.02 0 0.5 0 --- 0.03 0.05 0.55 0.01 0 0 0 
13 0 0.2 0 0 --- 0 0.26 0 3.03 0 0 0 
14 0 0.66 0 0.17 --- 0 0 0 0 0 0 0 
15 0 0.05 0 0 --- 0 0 0 0.42 0 0.03 0.05 
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16 0 0 0 0 --- 0.1 0.15 0 0.08 0 0.03 0 
17 0.14 0 0.01 0 --- 0 1.24 0.35 0 0 0 0 
18 0 0 0 0 --- 0 0.2 0.22 0.05 0 0 0 
19 0 0 0 0 --- 0.12 0.56 0.44 0.61 0 0 0 
20 0 0 0.2 0.02 --- 0 0 0.02 0.01 0 0.01 0 
21 0 0 0 0.03 --- 0.11 0 0.22 0 0 0 0 
22 0 0 0.12 0.01 --- 0.82 0 2.16 0.06 0.29 0 0 
23 0 0 0 0 --- 0.17 0 0.11 1.2 0.01 0 0 
24 0 0 0 0 --- 0.82 0 0 1.44 0 0 0 
25 0 0 0 0 --- 0.62 0.14 0.01 2.37 0 0 0 
26 0 0.28 0 0 --- 0.97 0.55 0.15 0 0 0.31 0 
27 0 0 0 0 --- 0 0 0 0 0 0.08 0.03 
28 0 0 0 0 --- 0 0 0 0 0 0 0 
29 0   0 0.11 --- 0.5 0.1 0 0 0 0 1.19 
30 0   0 0.27 --- 0.16 0.94 0.05 0 0 0 0 
31 0.19   0   ---   0 0.26   0   0 
Sum 1.04 1.49 0.86 0.78 1.01 6.36 12.59 8.5 11.55 0.73 1.07 1.27 
 
 
Appendix D 6. Daily Rainfall Data for 2014 
DATE 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 
1 0.2 0.02 0 0 0 0.36 0 0 0.01 0 0 0.02 
2 0.64 0.01 0 0 1.83 0 0 1.12 0.01 0 0 0 
3 0 0 0 0 0.65 0 0.41 1.54 1.35 0.02 0 0 
4 0 0.02 0 0 0 0 0.01 0.01 0.98 1.18 0 0 
5 0 0 0.01 0 0 0 0.34 0 0 0 0 0 
6 0 0.01 1.4 0 0 0 0 0 0.07 0 0 0.06 
7 0 0.21 0 0 0 0 0.01 0 0.22 0 0 0 
8 0 0.01 0 0.43 0 0 0.01 0 0.01 0 0.49 0.08 
9 0.31 0 0 0.01 0 0.56 0.39 0.03 1.11 0 0.23 0.03 
10 0 0 0 0 0 0.5 0.4 0.13 0 0 0 0 
11 0.33 0 0 0 0 0.87 0.46 0.14 0.13 0 0 0 
12 0 1.07 0.29 0 0 0.05 0 0 0.18 0 0 0 
13 0 0.01 0 0 0 0.98 0 0.01 0 0 0 0 
14 0.48 0 0 0 0.61 0.42 0 0.06 0.14 2.01 0 0 
15 0.04 0 0 0.08 0.18 0.01 0.11 0.42 0 0.52 0 0 
16 0.05 0 0 0 0 0.16 1.02 0.29 0 0 0 0.01 
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17 0.01 0 1.42 0.23 0 0 1.4 0 2.12 0 0.82 0 
18 0 0 0.01 0.47 0 0.18 0 0 0 0 0 0 
19 0 0 0 0 0 0.07 0 0 1.59 0 0 0 
20 0 0 0 0.03 0 0 0 0 0.64 0 0 0 
21 0 0.01 0 0 0 0 0 0 0 0 0.01 0.17 
22 0 0.16 0 0 0 0 0 0 0.7 0 0.07 0 
23 0 0.01 0 0 0 0 0 0.25 0 0 0 0 
24 0 0 1.07 0 0 0 0.34 0.17 0 0 0 0.53 
25 0 0 0.46 0 0.25 0 0.2 0 0.09 0 2.1 0 
26 0.16 0.39 0 0 0 0.04 0 0 2.24 0 0.24 0 
27 0.18 0.01 0 0 0 0.01 0 0 2.22 0 0 0 
28 0.12 0 0.01 0 0 0 0 0.01 1.6 0 0 0 
29 0.32   1.53 0 0.01 0.02 0 0.07 0.4 0 0 0 
30 0.18   0.01 0 0 0.01 0.07 1.05 0.04 0 0 0.24 
31 0.87   0   0   0 0.01   0   0.02 
Sum 3.89 1.94 6.21 1.25 3.53 4.24 5.17 5.31 15.85 3.73 3.96 1.16 
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Appendix E: Permissions 
 
Maps throughout the thesis/dissertation were created using ArcGIS® 
software by Esri. ArcGIS® and ArcMap™ are the intellectual property of Esri and 
are used herein under license. Copyright © Esri. All rights reserved. For more 
information about Esri® software, please visit www.esri.com. 
